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Abstract. A high resolution taxonomy and classification framework is developed for the representatives of the 
calcareous benthic foraminiferal family Bolivinoididae; this family consists of 24 species assigned to three genera. 
This new classification includes data pertaining of the test ultrastructure, ornamentation and porosity, which are 
obtained with the aid of careful and extensive study of the specimens under the scanning electron microscope. Two 
new taxa are described: Bolivinoides antiquum – n. sp. and Swiecickina – n. gen. A biostratigraphical framework 
consisting of eleven biozones based on bioevents given by species of the genera Bolivinoides and Swiecickina 
is developed for the middle Santonian-Maastrichtian stratigraphical interval; its resolution is more than double 
when compared to those of the previously developed biostratigraphical frameworks based on the representatives 
of this group. 
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INTRODUCTION
The Cretaceous representatives of the genus Bolivinoides 
Cushman, 1927a received attention from taxonomists and 
biostratigraphers in the last seventy years, almost more than 
any other genus of Cretaceous benthic foraminifera. A variety 
of factors contributed to the scientist’s interest and amongst 
them it should be mentioned the fast peace of evolution, 
interesting and often enigmatic test morphology, and especially 
in the last half century usefulness in biostratigraphical studies. 
Studies on Bolivinoides were related to the development of 
the first reliable chronological framework of the Cretaceous 
(Van Hinte, 1967) and contributed significantly to the benthic-
planktic biostratigraphical framework correlations (Petters, 
1976, 1977; Robaszynski et al., 1984). Other studies mark 
true milestones in the development and evolution of some 
schools of foraminiferal micropaleontology such as Edgell 
(1954) in Australia, Pożaryska (1954) in Poland, and Reiss 
(1954) in Israel.
The earliest species of Bolivinoides were formally 
described in the nineteenth century and were assigned to the 
genus Bolivina d’Orbigny, 1839: B. draco (Marsson, 1878) and 
B. decorata (Jones in Wright, 1886); they are today two of the 
most frequently cited species of this genus. The assignment to 
Bolivina was determined by the biserial chamber arrangement, 
and this perspective is apparent in all the reports prior to the 
description of the genus Bolivinoides by Cushman (1927a) 
during a period of considerable proliferation of genera. The 
methodology of study and description of new species based 
on gross test architecture feature continued nearly three 
decades after this event, until Reiss (1954) realized a major 
breakthrough by describing B. pustulata based especially 
on the occurrence of pustulose ornamentation. In the same 
methodological stream is the study by Hofker (1957) who 
described B. granulata, one junior synonym of B. pustulata as 
shown by Barr (1966a). Another step forward was realized by 
Petters (1977) who based on well-preserved material from the 
New Jersey coastal plain reported one interesting ultrastructure 
feature, namely elongate pores in the species B. culverensis. 
Despite this evident trend of advancing the knowledge of the 
test ultrastructure and high-detail test morphology, most of the 
studies remained focused on the gross test architecture. This 
can be explained by a certain inclination towards practicality 
amongst those specialists that encountered the representatives 
of this genus.
The trend to include ultrastructure features and high 
resolution data on test morphology was boosted again by 
Georgescu et al. (2011) who described Bolivinoides mirabilis 
from the upper Campanian of the New Jersey coastal plain 
based primarily on the occurrence of pore mounds at the 
test surface; in addition, from the same stratigraphical level 
Elongateporeia elongatoporosa, which is another bolivinoidid 
genus, was described mainly by the occurrence of pore 
mounds at the test surface and slit-like pores. These proved 
the first valid species of Bolivinoides as acknowledged herein, 
after 45 years of almost continuous reports, and in which only 
species that are junior synonyms of the pre-existing ones were 
described. Despite these advances, test ultrastructures and 
high resolution morphological features were misunderstood 
in two subsequent studies (Beniamovsky and Kopaevich, 
2016; Dubicka and Peryt, 2016).  
This work represents a complete review of the bolivinoidid 
taxa. Each species and genus was studied using the scanning 
electron microscopy (SEM) resulting in a reassessment of 
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the taxonomic validity of the respective taxa. By bringing in 
the public domain a variety of data on the test ultrastructures, 
including ornamentation and porosity features and reporting 
new and interesting morphological structures, it represents a 
continuation of the pioneering steps realized by Reiss (1954), 
Hofker (1957), Petters (1977), and Georgescu et al. (2011). 
Rather than representing a purely fundamental study, is proves 
its practicality by the development of a biostratigraphical 
framework with a number of biozones that exceeds more than 
two times that of the previous ones. Moreover, it provides a 
set of data can be further elaborated in paleobiogeographical 
and evolutionary studies, which will be presented shortly in a 
sequel study. 
STUDIED MATERIAL
The fossil material used and presented in this article was 
collected over a time period of nearly three decades and 
practically had begun while learning from Prof. T. Neagu 
(University of Bucharest) the methodology of identifying 
benthic and planktic foraminifera. I can recall, and not without 
a certain nostalgia, the times when I had made the first steps 
in learning under his guidance to identify the species of 
Bolivinoides from the upper Santonian-middle Campanian 
chalk deposits of southeastern Romania: B. strigillata 
(Chapman, 1892), B. culverensis Barr, 1966a, and B. decorata 
(Jones in Wright, 1886). 
The material used in this study comes from two major 
sources: Deep Sea Drilling Project/Ocean Drilling Program 
(DSDP/ODP) sites or holes drilled worldwide and collections 
from different museums and universities. Amongst other 
sources I mention, inland wells drilled for scientific purposes, 
industry wells drilled inland and offshore, inland sections and 
material sent to me by other foraminiferologists. Some of this 
material was published in two previous studies (Georgescu et 
al., 2011; Georgescu, 2012). 
DSDP/ODP sites and holes
Tests of bolivinoidid benthics presented in this article were 
recorded in six DSDP/ODP sites and holes, which are given in 
stratigraphical order: DSDP Site 511 (middle Santonian-lower 
Fig. 1. Geographical locations of the DSDP/ODP sites and holes that were investigate in the course of the present study. Base map is 
after Hay et al. (1999).
Campanian), ODP Leg 174AX (upper Santonian-lower 
upper Campanian), ODP Hole 762C (upper Campanian-
Maastrichtian), DSDP Site 95 (lower Maastrichtian), ODP 
Hole 761B (Maastrichtian), and DSDP Hole 111A (upper 
Maastrichtian) (Fig. 1). The general stratigraphy and 
bolivinoidid taxa encountered at each of these locations are 
presented below. 
DSDP Site 511 was drilled in the Southern Atlantic Ocean 
(Falkland Plateau). Bolivinoides antiquum – n. sp. is recorded 
from middle Santonian-lower Campanian dark grey to greenish 
claystone sediments, with the lowest recorded occurrence in 
Core 40; the tests are in excellent state or preservation, often 
pristine. The stratigraphy at this site is primarily according to 
the framework by Huber (1992) for the Austral Realm. 
ODP Leg 174AX at Bass River site yielded in general well-
preserved bolivinoidid tests, which were reported previously 
by Georgescu et al. (2011). The general stratigraphy at this 
site is according to Georgescu (2006). Bolivinoidid taxa 
occur at two stratigraphical levels: upper Santonian and 
lower upper Campanian; both intervals are represented by 
sediments accumulated in high water energy conditions 
during transgressive intervals and for this reason the tests are 
frequently broken especially in the terminal portions where 
the test wall is thinner. Upper Santonian is represented by the 
Merchantville formation, which yielded abundant and often 
well-preserved specimens of B. culverensis, and only rare and 
poorly preserved specimens of B. strigillata were encountered 
in this lithostratigraphic unit. At a higher stratigraphical level, 
the Marshalltown Formation of the lower upper Campanian 
yielded two species: B. elongatoporosa (Georgescu et al., 
2011) and B. mirabilis (Georgescu et al., 2011).
DSDP Site 95 was drilled in the Yucatan outer shelf, 
offshore Mexico. According to the original biostratigraphical 
framework by McNeely (1973) the Santonian is overlain 
by lower Campanian white chalks. Nederbragt (1991) 
considered Core 13 of latest Santonian age. Georgescu 
(2010a, b) assigned the top (section 1) of Core 13 to the 
lower Campanian. A careful examination of the top section 
of Core 13 realized in the course of this study shows the 
occurrence of two bolivinoidid species, namely Bolivinoides 
delicatula Cushman, 1927a and Swiecickina senonicus (Dain, 
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1961), which indicate a higher stratigraphical level, lower 
Maastrichtian. Therefore, it is evident that at this site there 
is a gap that encompasses the Campanian and possibly the 
lowermost Maastrichtian stratigraphical interval. 
ODP Hole 762C was drilled in the Exmouth Plateau 
in the East Indian Ocean as part of the ODP Leg 122. The 
biostratigraphical framework used herein is that of Georgescu 
(2014a). The middle Campanian-Maastrichtian sediments at 
this location consist of soft white and yellowish nannofossil 
chalks, and they yielded an excellent record of two species: 
Bolivinoides delicatula and B. doreeni Finlay, 1940; one other 
species, namely B. gigantea Hiltermann and Koch, 1950 occurs 
in one single sample (Fig. 2). The specimens collected are in 
general well preserved and rarely fragmented demonstrating 
that during most times there were quiet conditions at the basin 
floor, with low water energy.
ODP Hole 761B was drilled in the Wombat Plateau of the 
East Indian Ocean. The biostratigraphical framework used at 
this location is that given by Georgescu (2014b). Bolivinoides 
delicatula is the only bolivinoidid species encountered at this 
site, in the soft white chalks of late Campanian-Maastrichtian age. 
DSDP Hole 111A was drilled in the Orphan Knoll of the 
North Atlantic Ocean. Bolivinoidid taxa are known from 
the upper Maastrichtian white and yellow chalks, where 
assemblages consisting of Bolivinoides peterssoni Brotzen, 
1944, B. draco (Marsson, 1878), B. doreeni, B. vistulae 
Pożaryska, 1954 and Swiecickina paleocenica (Brotzen, 
1948) are encountered. 
Collections 
Four collections that were examined in the course of this 
study provided specimens of bolivinoidid taxa: Ehrenberg 
Collection (Museum of Natural History, Berlin), Cushman 
Collection (National Museum of Natural History, Smithsonian 
Institution, Washington, D.C.), Petters Collection (Rutgers, 
The State University of New Jersey), and McGugan Collection 
(University of Calgary). 
Ehrenberg Collection (Museum of Natural History, 
Berlin), which is also referred to as C.G. Ehrenberg Collection, 
was studied in detail especially for planktic foraminifera of 
Santonian-Maastrichtian age (Georgescu, 2012, 2103). For 
this study were used only the specimens collected from the 
bulk samples. Only a small number of bulk samples provided 
bolivinoidid taxa, as follows: Bolivinoides laevigata Marie, 
1941 and B. praelaevigata Barr, 1966 (Sample 2217c, upper 
Campanian-Maastrichtian, Meudon, France), B. australis 
Edgell, 1954, B. decorata (Jones in Wright, 1886) and B. 
peterssoni (Sample 2404a, lower Maastrichtian, Rügen Island, 
Germany), B. draco (Marsson, 1878), B. australis and B. 
gigantea (Sample 2404b, lower Maastrichtian, Rügen Island, 
Germany), and Swiecickina clavatus (Plotnikova, 1967) 
(Sample 2344a, proximity of the Campanian/Maastrichtian 
boundary, Moen Island, Denmark). 
Cushman Collection (National Museum of Natural 
History, Smithsonian Institution, Washington, D.C.) was 
primarily used to document the morphology of Bolivina 
watersi Cushman, 1927a. The results were published by 
Georgescu et al. (2011) and resulted in the emendation of the 
genus Trachelinella Montanaro Gallitelli, 1956. 
Petters Collection (Rutgers, The State University of New 
Jersey) was examined in the course of the study of the planktic 
Fig. 2. Stratigraphical distribution of the Bolivinoides species 
encountered in the middle-Campanian-Maastrichtian sediments in 
ODP Hole 762B.
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foraminiferal assemblages from the nearby ODP Lex 174AX 
at Bass River site. The samples from the well Dickinson 1 
were examined and all the species recognized and reported 
by S.W. Petters in 1977 could be examined. This well of 
particular importance for the Bolivinoides assemblage is 
significantly richer than that of the coeval sediments of ODP 
Lex 174AX due to the deeper waters. 
McGugan Collection (University of Calgary) includes 
picked samples and carefully selected specimens from a 
variety of localities in Western Europe. Most of the samples 
are from the chalks of Northern Ireland and England. In 
addition, there are specimens from Germany, The Netherlands 
and Denmark. Many of the specimens are well-preserved and 
for this reason were selected to illustrate no less than eleven 
species in the present study, representing about one half of the 
total number of bolivinoidid species: Bolivinoides pustulata 
Reiss, 1954, B. praelaevigata, B. laevigata, B. decorata, B. 
miliaris Hiltermann and Koch, 1950, B. sidestrandensis Barr, 
1966a, B. peterssoni, B. australis, B. gigantea, B. regularis 
Reiss, 1954 and B. doreeni. In general, the specimens of this 
collection proved of paramount importance in assessing the 
test ultrastructure features and ornamentation.
TEST MORPHOLOGY AND TERMINOLOGY
Test morphology of Bolivinoides and associated genera 
was never presented in detail in the previous studies. Due to 
the character of the present review work, it was considered 
necessary to make such a presentation to provide an accurate 
and consistent terminology throughout the numerous species 
of this genus. Test morphological features are grouped into 
four categories: (i) gross architecture, (ii) chamber backward 
extensions (CBE), (iii) periphery and peripheral structures 
and (iv) wall ultrastructure, ornamentation and porosity.
Gross architecture, orientation and symmetry
The representatives of Bolivinoides and associated genera 
present the same pattern of chamber addition throughout their 
life cycle: chambers are added one at a time and alternately 
with respect to the test growth axis resulting in a biserial 
appearance (Fig. 3). The earliest chamber of the test is the 
proloculus, which present a spherical or subspherical shape, 
and all the subsequently added chambers are elongate, with 
the longest axis intersecting that of test growth at a narrow 
angle. Test portion with the proloculus is the posterior one, 
whereas chambers are added at the opposite side of the test, 
which is considered the anterior portion; the center of the 
proloculus and the midpoint of the suture between the last-
formed and penultimate chambers define the test growth axis 
and antero-posterior direction. Test part with the proloculus 
is often referred to as the earlier or older portion of the test, 
whereas the opposite one the late or younger one. 
Each chamber bears one aperture and the only apertural 
opening visible at the test exterior is that of the last-formed 
chamber. Chambers are mostly low and overlap the previous 
ones at a variable and in general low rate. Test earlier chambers 
are simple, but the last-formed ones present backward 
extensions, which give the so characteristic test appearance of 
the genus. For each of the chambers, the portion towards the 
direction in which new chambers are added during ontogeny 
is referred to as distal, whereas the opposite one is proximal.
Fig. 3. Test orientation, views and gross architecture features of a 
bolivinoidid test.
The test is laterally compressed, and each of the two wider 
faces is referred to lateral side. The two views from above 
periphery and perpendicular to the test growth axis are the 
edge views. Edge view that shows the aperture is also known 
as the apertural view, whereas the opposite one is the anti-
apertural one; because the apertural view was the only one 
used by most of the researchers dealing with Bolivinoides and 
tests with resembling morphology, it is frequently referred to 
in the literature of specialty simply as edge view. 
Bolivinoides was considered traditionally a bilaterally 
symmetrical genus, with the plane of symmetry passing 
through the proloculus, growth axis, and midlines of the last-
formed chamber, aperture and penultimate chamber. New 
high-resolution data indicate that slightly asymmetrical tests 
occur, and this feature is mostly apparent in the differences in 
the sculpture of the two lateral side and a discrete curvature 
of the test growth axis in the earlier portion of the test as seen 
in edge view. 
Chamber backward extensions
This feature was and still is considered one the most 
important in defining the genus Bolivinoides; such structures 
are also used extensively in the taxonomy and classification 
at species level. The terminology under which they occur 
in literature varies significantly from author to author. For 
example, earlier studies mention the chamber backward 
extensions as “… prominent oblong tubercles which are 
arranged in oblique rows” (Jones in Wright, 1886, p. 330) 
and “oblique raised ridges, sometimes broken into tubercles” 
(Chapman, 1892, p. 515); such descriptions indicate that this 
feature was considered pertaining of the test ornamentation. 
In the original description of the genus, Cushman (1927a, p. 
89) referred to this feature as “costae or raised lobes of the 
test”; this description is somehow broad for the term “costae” 
pertains of ornamentation whereas expression “raised lobes of 
9Monograph of the family Bolivinoididae
Studia UBB Geologia, 2018, 62 (1), 5 – 57
the test” of chamber shape. The duality in describing the CBE 
as both ornamentation and chamber shape features persisted 
in the next decades and is apparent in some most influential 
works (Hiltermann and Koch, 1950; Edgell, 1954; Reiss, 1954; 
Barr, 1966; etc). In the Treatise on Invertebrate Paleontology, 
Loeblich and Tappan (1964, p. C549-C552) regarded these 
features completely in the range of ornamentation.  The 
transition from the cameral backward lobes to ornamentation 
features was more rarely documented and exemplified 
herein through the description of the genus Bolivinoides 
in Foraminiferal Genera and Their Classification, which 
mentions “… basal margin of the chambers may have short 
and proximally directed projections over the preceding septa 
that merge into longitudinal costae…” (Loeblich and Tappan, 
1987, p. 500). In this study, the CBE are considered features 
that pertain completely of the chamber shape. The transition 
from CBE to ornamentation structures is documented only in a 
small number of species. More rarely was used the expression 
of “ornamentation lobes”, which mixes and unifies one feature 
pertaining of chamber shape and the test ornamentation. Such 
terminology and practice are not accepted herein for the two 
features or sets of features have distinct evolutionary trends.
The morphology of the CBE in the posterior part of the 
last-formed chambers of the test is directly related to the 
formation of the inter-CBE space that separates every two 
nearby such CBE. Both CBE and inter-CBE spaces can 
present different width on the same chamber and therefore, 
should be used with care in taxonomy and classification. In 
the past, the number of CBE was considered paramount in 
in the taxonomy at species level by most authors, but there 
can be found significant differences in the number of CBE 
reported for the same species by different authors. One 
interesting idea recognized herein with potential in stabilizing 
the species descriptions in the future, occurs in the description 
of B. decorata by Barr (1966a, p. 232), where the lobs are 
separated into groups occurring towards the inner portions of 
the chambers and outer lobes towards the periphery. Further 
developing this idea, three types of CBE are recognized in 
the terminology adopted in this study: apertural, median and 
peripheral (Fig. 4). Apertural CBE is usually the thickest 
of these posteriorly-oriented structures; it is situated in the 
innermost position of the chamber, and the portion between 
the two apertural CBE of one chamber (one on each lateral 
side) bears the aperture. Peripheral CBE is the outermost one 
and mostly the thinnest amongst the CBE of one chamber; 
there is only one P on each chamber presenting backward 
extensions, and this contrasts with the all the other backward 
extensions that are symmetrically developed on each lateral 
side of the chambers of the adult stage. All the CBE between 
the apertural and peripheral ones, and are termed median and 
labelled consecutively from apertural to peripheral: median 
1, median 2, median 3, etc. (Fig. 5). A distinct terminology 
for the inter-CBE spaces is not developed yet for the lack 
of practicality, but it can be developed in the future as its 
usefulness is demonstrated. 
References to the shape of the CBE and inter-CBE 
spaces between them occur sporadically in different studies, 
but without receiving a considerable and consistent weight 
in taxonomy and classification. This setting is changes in 
this study, where two types of CBE, which proved useful 
in recognizing the evolution of the species of Bolivinoides, 
Fig. 4. Terminology of the chamber backward 
extensions of a chamber of one bolivinoidid test.
are recognized (Fig. 5). Type 1, which is also referred to as 
“wide”, includes the CBE with a broadly rounded posterior 
end; the CBE are separated by narrow inter-CBE spaces, 
which occasionally present a cul-de-sac outline. Type 2 is also 
termed “narrow” consists of CBE with rounded posterior end, 
which are separated by inter-CBE with different outline. Type 
1 occurs especially in the species that are close to the bolivinid 
ancestor, whereas Type 2 in those species positioned towards 
the distal portions of the bolivinoidid lineages. Therefore, 
Type 1 is primitive whereas Type 2 evolved. Notably, the 
transition from Type 1 to Type 2 is gradual. The occurrence of 
Type 1 CBE throughout one lineage demonstrates its primitive 
character, whereas Type 2 CBE occurs throughout the more 
evolved lineages. This classification proves useful for it 
is consistent with the directional character of the evolution 
process and directly reflected in evolutionary classification.
Periphery and peripheral structures
Test periphery can be evaluated both in lateral and edge 
views. Periphery outline lobation can be evaluated in lateral 
view, whereas in edge view there can be studied the periphery 
shape and peripheral structures. 
Four types of peripheral outline as seen in lateral view 
are recognized herein: simple, lobate, subdentate and dentate 
(Fig. 6). The simple outline occurs in species in which the 
sutures are indistinct conferring the test outline an entire 
appearance. Lobate outline occurs in species in which the 
sutures are only slightly constricted and peripheral CBE is 
attached to the previous chamber in the longitudinal row on 
its whole length; this type is apparent only in the adult portion 
of the test. The subdentate type presents distinctly indented 
sutures, and occasionally with an incipient detachment of 
peripheral CBE from the periphery in the last-formed one or 
two chambers of the test. Dentate outline is encountered in the 
taxa in which the peripheral CBE is distinctly detached from 
the periphery; this type occurs in the adult portion of the test 
and in such cases the periphery can present a zig-zag outline. 
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Fig. 5. Types and terminology of the chamber backward extensions 
(CBE) of selected species of the genus Bolivinoides. Abbreviations: 
A-apertural, M-median and P-peripheral.
Fig. 6. Types of the test outline as seen in lateral view (above) and peripheral 
structures (below) of the bolivinoidid tests.
Periphery shape as seen in edge view can vary from 
subrounded to subangular and in some taxa is acute. This 
feature reflects always the lateral compression of the test 
that occurs in the entire group’s species. It is to be noted the 
fact that subrounded periphery occurs in the species closest 
or closer to the bolivinid ancestors, whereas the acute one in 
those of the distal parts of the bolivinoidid lineages; therefore, 
the subrounded periphery is regarded as primitive, acute one 
as evolved and subangular one intermediate between the other 
two. Notably, periphery shapes together with the test lateral 
compression were studied in the past in a view taken from 
anterior part of the test along the growth axis (Hiltermann and 
Koch, 1950; Edgell, 1954; Reiss, 1954, Barr, 1966a, etc). 
In most of the bolivinoidid species the test periphery is 
simple, without peripheral structures. Peripheral structures 
occur in a small number of species, and are the result of the 
development of one CBE, namely the peripheral one. In these 
taxa, the peripheral CBE extends over that of the previous 
chamber of the row. In some species the extensions of 
successive chambers result in the formation of a true keel, 
which can be visible in lateral and edge views. Notably, the 
keeled periphery in a Bolivinoides species was for the first 
time mentioned by Edgell (1954, p. 73). 
Wall ultrastructure, ornamentation and porosity
Test wall ultrastructure terminology was provided in 
the case of Cretaceous planktic foraminifera by Georgescu 
(2016), and the course of this study it was evident that it can 
be applied in the case of the Cretaceous representatives of the 
genus Bolivinoides. Therefore, it is followed herein. In most of 
the species the test wall is simple, and only in a small number 
is incipiently reticulately-ridged. Notably, the incipiently 
reticulately-ridged wall ultrastructure was recognized only on 
the apertural faces of the last-formed chambers. 
Chamber surface can be smooth or ornamented, and two 
types of ornamentation are recognized herein: primary and 
secondary. Primary ornamentation is that which formed through 
the changes in the wall ultrastructure, whereas the secondary 
one evolved later in the group’s evolution and formed through 
the transformation of some CBE (median and peripheral) 
into ornamentation structures (Fig. 7). The beginnings of 
the study of these high resolution morphological structures 
can be traced back at the works of Reiss (1954) and Hofker 
(1957) who described the first taxa based on features that 
include but are not restricted to test ornamentation. Although 
the SEM was introduced in the current micropaleontological 
practice in the latest sixties, no other advance in implementing 
ornamentation features in the group’s taxonomy and 
classification until the description of the first species 
with pore mounded chamber surface by Georgescu 
et al. (2011). 
The smooth chamber surface is the simplest type, 
occurs in primitive species and in some lineages 
consistently occurs in all the species that form them. 
Primary ornamentation can consist of pustules, pore 
mounds, or a combination of the two; short longitudinal 
costae, which are parallel to the test growth axis or 
periphery, are recognized in only one species. Pustules 
are imperforate dome-like structures, with a circular or 
elongate outline as see from above chamber surface; the 
longest axis of the elongated pustules is mostly parallel 
or subparallel to the test growth axis. Pore-mounded 
ornamentation is more complex and Georgescu et al. 
(2011) developed a classification and terminology of 
the pore mounds. These structures can be circular or 
elliptical according to the outline as seen from above 
the camber surface and incipiently developed and 
well-developed according to their prominence (Fig. 8). 
Secondary ornamentation occurs in a number of species 
and begins with the alignment of the CBE of two or 
more successive chambers in one of the two series of 
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Fig. 7. Main types of primary and secondary ornamentation in bolivinoidid tests. Abbreviation: 
CBE-chamber backward extensions.
Fig. 8. Types of pore mounds according to outline and 
degree of development.
chambers of one test. Two longitudinal ridges can be further 
developed in the proximity of the central suture between the 
two rows of chambers (Fig. 7). The secondary ornamentation 
on the test lateral sides is developed from the median CBE. 
Other secondary ornamentation structures can occur at the test 
periphery though the modification of the peripheral CBE and 
result in the formation of keels. 
on the test ultrastructural morphology. All the type specimens 
are deposited in the Willi Karl Braun Micropaleontology 
Collection (WKB) of the University of Calgary. 
Family Bolivinoididae Loeblich and Tappan,  
1984 - emended
Synonymy
Bolivinoididae LoebLich and Tappan 1984, p. 42. 
Bolivinoididae Loeblich and Tappan 1984. Loeblich and 
Tappan 1987, p. 500.
Diagnosis. Calcareous benthic foraminifera with the last-
formed chambers with backward extensions
Description. Test is biserial throughout and consists of 
proloculus followed by chambers alternately added with 
respect to the test growth axis. Last-formed chambers present 
three or more backward projections, which are oblique to the 
test growth axis and often cover the suture with the previous 
chamber of the same row. Sutures are depressed or lined 
with narrow ridges that can be anastomosed or not towards 
the central zigzag suture. The test is laterally compressed, 
with a subrounded to angular and keeled periphery. Aperture 
is elliptical, mostly on the apertural face of the last-formed 
chamber or at its base, and presents a thin imperforate 
outer rim and a short internal toothplate; in some taxa the 
aperture is rimmed and produced on a short neck. Test wall 
is calcitic hyaline and finely perforate; chamber surface 
can be smooth or ornamented with pustules, pore mounds 
or ridges. 
Pores of the tests of the study group 
are small-sized. In an early classification 
of these structures according to 
their shape at the chamber surface, 
Georgescu at al. (2011) recognized 
three categories: circular, elliptical and 
slit-like (Fig. 9). Notably, slit-like pores 
occur only in the tests that evolved well-
developed pore mounds with elliptical 
outline. Pores with irregular outline 
occur, but more data are necessary in 
order to confer the status of distinct 
category for the ‘irregular’ outline; the 
occurrence of such pores is mentioned 
in the species description wherever 
they were observed in the course of this 
study. 
CLASSIFICATION
Family Bolivinoididae was erected 
by Loeblich and Tappan (1984), and 
the only genus included within it was 
Bolivinoides (Loeblich and Tappan, 
1987). In this study the validity of 
Bolivinoididae is accepted and it 
includes three genera: Bolivinoides 
Cushman 1927a, Trachelinella 
Montanaro Gallitelli 1956 and 
Swiecickina - new genus. An emendation 
of Bolivinoididae appears necessary 
especially to accommodate the new data 
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Genera included
Bolivinoides cushman 1927a, p. 89.
Trachelinella monTanaro GaLLiTeLLi 1956, p. 38.
Swiecickina n. gen.
Stratigraphical range: Upper Cretaceous (middle Santonian)-
Paleogene (Paleocene).
Fig. 9. Types of pores according to outline and general aspect.
Genus Bolivinoides Cushman, 1927a – new emendation
Type species: Bolivina draco Marsson, 1878
Synonymy
Bolivinoides cushman 1927a, p. 89.
Bolivinoides Cushman. Cushman 1927b, p. 61.
Bolivinoides Cushman. Galloway 1933, p. 351.
Bolivinoides Cushman. Cushman 1950, p. 257.
Bolivinoides Cushman. Hiltermann and Koch 1950, p. 597. 
Bolivinoides Cushman. Hofker 1952, p. 377. Emended.
Bolivinoides Cushman. Montanaro Gallitelli 1957, p. 145. 
Bolivinoides Cushman. Pokorný 1958 (1963), p. 329. 
Bolivinoides Cushman. Dain 1961, p. 30. 
Bolivinoides Cushman. Beckmann and Koch 1964, p. 37.
Bolivinoides Cushman. Loeblich and Tappan 1964, p. 549. 
Bolivinoides Cushman. Barr 1966a, p. 227.
Bolivinoides Cushman. Loeblich and Tappan 1987, p. 500. 
Bolivinoides Cushman. Revets 1996, p. 9. 
Bolivinoides Cushman. Georgescu et al. 2011, p. 114. New 
emendation.
Elongateporeia GeorGescu, arz, macauLey, KuKuLsKi, 
areniLLas and pérez-rodríGuez 2011, p. 117 (see the 
‘Remarks’ section below). 
Diagnosis. Bolivinoidids with the aperture on or at the base of 
the apertural face of the last-formed chamber and test surface 
smooth, pustulose, pore-mounded or finely striate. 
Description. Test is biserial throughout, consisting of 
proloculus followed by chambers added alternately with 
respect to the test growth axis. Earlier chambers are 
subglobular, and the last-formed ones elongate, with the 
longest axis oblique to the test growth axis forming anteriorly 
an acute angle. Chambers increase in size as added throughout 
the ontogeny resulting in a flaring aspect of the test as seen 
in lateral view. Chamber posterior side present a looped wall 
that result in the occurrence of backward extensions, which 
can present a regular or less regular aspect. There is one 
apertural CBE that bears the aperture, one peripheral CBE at 
the periphery and one to several median CBE between them; 
in general the apertural CBE is the largest of these structures. 
Vestigial portions of the CBE can occur over the lateral 
sides of the test early portion of some species. Sutures are 
straight to slightly curved and often obscured by the CBE of 
the chambers added subsequently during the ontogeny. Test 
is laterally compressed, resulting in a subrounded to acute 
periphery. Periphery can be subrounded to acute. In most 
of the species the periphery is simple, without peripheral 
structures; one peripheral keel occurs in a small number of 
taxa. Aperture has an elongate outline and occurs at the base or 
on the apertural face of the last-formed chamber; it is bordered 
on much of its circumference by a narrow imperforate lip, and 
presents a short toothplate towards the chamber interior. Test 
wall is calcitic, hyaline and perforate. Chamber surface can be 
smooth or ornamented. Two types of ornamentation can occur. 
Primary ornamentation consists of pore mounds and pustules 
that can present a circular or elongate outline and different 
degree of development; secondary ornamentation results from 
the modification of the CBE; it consists of ridges that are 
oblique or parallel to the test growth axis, and developed from 
the anterior towards the posterior side of the test. Pores are 
simple or elevated at the top of a pore mound, and can have 
circular or elongate outline and more rarely slit-like aspect.
Remarks. The emendation proposed herein is to 
accommodate the significant advances in understanding the 
wall ultrastructure, ornamentation and porosity. Identification 
of the two types of ornamentation, one generated by the 
evolution of the wall and the other by the modification in the 
CBE is a major advance in understanding the morphology 
and evolutionary changes in amongst the species of the genus 
Bolivinoides, and warrants the necessity of such taxonomic 
act. Elongateporeia was described by Georgescu et al. (2011) 
to accommodate a bolivinoidid lineage of late Santonian-
Campanian age. Having consistently chamber backward 
extensions, the tests included in this lineage are all bolivinoidid, 
and for this reason are herein included within the synonymy list 
of Bolivinoides. Elongateporeia is a valid unit in evolutionary 
classification, where it has the rank of directional lineage. 
Species included (in stratigraphical order). 
Bolivinoides antiquum Georgescu, 2018 – n. sp.  
B. strigillata (Chapman, 1892)
B. culverensis Barr, 1966a
B. angulata Reiss, 1954
B. pustulata Reiss, 1954
B. praelaevigata Barr, 1966a
B. laevigata Marie, 1941
B. decorata (Jones in Wright, 1886)
B. delicatula Cushman, 1927a
B. mirabilis Georgescu et al., 2011
B. elongatoporosa (Georgescu et al., 2011)
B. miliaris Hiltermann and Koch, 1950
B. sidestrandensis Barr, 1966a
B. peterssoni Brotzen, 1944
B. australis Edgell, 1954
B. giganteus Hiltermann and Koch, 1950
B. draco (Marsson, 1878)
B. regularis Reiss, 1954
B. doreeni Finlay, 1940
B. vistulae Pożaryska, 1954
Stratigraphical range: Upper Cretaceous (middle 
Santonian)-Paleogene (Paleocene).
Bolivinoides antiquum Georgescu – n. sp.
(Figs. 10 and 11)
Holotype. Specimen WKB 010205.
Holotype dimensions. Length: L=0.199 mm; width: W=0.111 
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Fig. 10. Three specimens of Bolivinoides antiquum – n. sp. from 
sediments of the South Atlantic Ocean (DSDP Site 511). 1: holotype, 
Sample 79-511-28-6, 20-24 cm (lower Campanian). 2: paratype, 
Sample 79-511-34-2, 14-19 cm (lower Campanian). 3: paratype, 
Sample 79-511-32-1, 19-22 cm (lower Campanian).
Fig. 11. Paratype of Bolivinoides antiquum – n. sp. from sediments 
of the South Atlantic Ocean (DSDP Site 511) and magnifications of 
the chamber surface showing the primary ornamentation consisting 
of pore mounds (1b, 1c).
mm; W/L=0.558; thickness: T=0.077 mm; T/L=0.387.
Paratypes. Five specimens, WKB 010206-010210.
Paratype dimensions. Length: L=0.179-0.212 mm; width: 
W=0.098-0.117 mm; W/L=0.530-0.585; thickness: T=0.054-
0.084 mm; T/L=0.272-0.396.
Type locality. Deep Sea Drilling Project Site 511, South 
Atlantic Ocean, Falkland Plateau; geographical coordinates: 
51o 00.28’S and 46o 58.30’W.
Type level. Holotype was collected from the grey claystones 
of early Campanian age of Sample 71-511-28-6, 18-26 cm 
from a depth below the sea floor of 231.18-231.22 m. The 
stratigraphy at type locality is after Huber (1992) and Huber 
et al. (1995).
Name origin. Species named with the neutral form of the 
Latin word antiquus (ancient). 
Diagnosis. Small-sized species of Bolivinoides with one 
median CBE and occasionally ornamented with pore mounds.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chamber increase in 
size as added and their longer axis is tilted forming an acute 
angle with the test growth axis along a posterior-to-anterior 
direction. Up to four pairs of chambers present distinct and 
short backward extensions that are not extended over the 
previous chamber of the row; for every chamber there are 
one apertural CBE, one peripheral CBE and two median 
CBE, one on each lateral side of the test, so in lateral view 
there are in total only three CBE. Peripheral CBE is the 
smallest of them, whereas the apertural CBE is slightly 
larger or of equal size with the median CBE; median CBE 
is relatively narrow and bordered in general by two broad 
inter-CBE spaces that can present equal width or not. Sutures 
are depressed and straight to gently curved anteriorly, often 
obscured by the CBE of the subsequently added chamber. 
Periphery is subrounded and simple, without peripheral 
structures. Aperture has the shape of a medium high arch and 
is situated at the base of the apertural face of the last-formed 
chamber; periapertural structure is asymmetrical and consists 
of a narrow imperforate rim that curves towards interior and 
borders the aperture on one side. Test wall is calcitic, hyaline, 
simple and finely perforate. Small-sized pore mounds with 
a measured diameter of 0.0010-0.0020 mm, occur in some 
specimens (Fig. 11), but specimens with completely smooth 
chamber surface are also known; specimens ornamented 
with pore mounds occur in equal proportion with those that 
present a completely smooth test surface. Pores are small, 
have a circular to elliptical outline and present a measured 
diameter or maximum dimension of 0.0002-0.0006 mm; 
they are widely spaced, at a distance of the nearby pores 
that often exceeds around twenty times their diameter or 
maximum dimension, a display that confers a simple and solid 
aspect to the chamber wall. Elongate pores do not present 
a preferential arrangement. 
Remarks. Bolivinoides antiquum differs from all the other 
species of the genus by having only one median CBE on each 
side of the test, and ornamentation consisting of pore mounds 
that occur only in some specimens. Sliter (1977a, pl. 12, fig. 8) 
reported as B. laevigatus Marie specimens with similar gross 
test architecture with B. antiquum from the upper Campanian 
sediments of DSDP Hole 327A drilled in the Maurice Ewing 
Bank. Rare such specimens were also recovered from the 
Maastrichtian sediments at the type location of B. antiquum 
(Fig. 12). Examination of the ultrastructural features of these 
specimens shows that the ornamentation consists of low and 
thin anastomosing ridges that are more prominent over the 
earlier portion of the test and the wall is densely perforated; 
these features contrast with those observed in B. antiquum. 
More material is needed in order to clarify the taxonomic 
status and stratigraphical range of these specimens with 
obvious bolivinoidid aspect.
Stratigraphical range: Middle Santonian-lower Campanian.
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Geographical distribution. South Atlantic Ocean; this 
species is known only from the type locality.
Fig. 12. Specimen almost identical to that illustrated as 
Bolivinoides laevigatus by Sliter (1977a) collected from the 
upper Campanian sediments of South Atlantic Ocean (DSDP 
Site 511), Sample 79-511-23-1, 38-41 cm.
Bolivinoides strigillata (Chapman, 1892)
(Fig. 13)
Synonymy
Bolivina strigillata chapman 1892, p. 515, pl. 15, fig. 10. 
Bolivinoides austiniana cushman 1937, p. 104, pl. 15, fig. 10.
Bolivinoides strigillata (Chapman). Williams-Mitchell 1948, 
p. 106, pl. 9, fig. 3. Hiltermann and Koch 1950, p. 614, figs 
2-4 (1-13, 64), 5 (10, 68).  Hofker 1952, fig. 1. Edgell 1954, 
p. 70, pl. 13, fig. 8, pl. 14, fig. 8. Hofker 1955, fig. a. Hofker 
1957a, fig 323: a. Hofker 1958a, pl. 1, figs 1-2. Pokorný 
1958/1963, fig. 329: center figure. Witwicka 1958, p. 196, pl. 
9, fig. 8. Barr and Cordey 1964, p. 308, pl. 49, figs 1-3. Goel 
1965, p. 79, pl. 7, fig. 6. Barr 1966a p. 228, pl. 34, figs 8-9, 
pl. 37, figs 7-9.
Bolivinoides decorata cf. delicatula Cushman. Edgell 1954, 
p. 71, pl. 13, fig. 7, pl. 14, fig. 7. 
Bolivinoides austinianus Cushman. Frizzell 1954, p. 111, pl. 
16, fig. 16. Hiltermann 1963, pl. 1, figs 11, 15.
Bolivinoides strigillatus (Chapman). Bykova 1959, fig. 1: 1. 
Vassilenko 1961, p. 186, pl. 39, fig. 7. Hiltermann and Koch 
1962, pl. 48, figs 10-11. Hiltermann 1963, pl. 1, figs 12-13, 
16, 18-19, 22-24. Küpper 1963, p. 609, pl. 1, fig. 6. Barr 1970, 
p. 651, pl. 100, figs 6-7. Voloshina 1974, p. 21, pl. 2, fig. 9. 
Heller 1975, pl. 4, fig. 11. Govindan 1977, p. 469, pl. 1, figs 
1-8, pl. 2, fig. 13, text-fig. 10: a-c. Koch 1977, p. 44, pl. 12, 
figs 7-8. Petters 1977, p. 1035, pl. 1, fig. 9. Sliter 1977b, pl. 5, 
figs 5-6. Rozumeiko 1978, p. 135, pl. 20, fig. 4. Kaptarenko-
Chernousova et al. 1979, p. 147, pl. 55, fig. 8. Swiecicki 1980, 
p. 190, pl. 6, figs 7-8. Gawor-Biedowa 1984, pl. 1, fig. 1. Hart 
et al. 1989, p. 324, pl. 7.5, fig. 8. Schönfeld 1990, p. 80, pl. 
3, figs 12-13. Neagu 1992, p. 75, pl. 8, figs 1-8. Machaniec 
and Zapałowicz-Bilan 2005, fig. 3: 1. Beniamovsky and 
Kopaevich 2016, fig. 2: 12-15. Dubicka and Peryt 2016, p. 
79, figs 3: 1-3. Dubicka in Walaszczyk et al. 2016, text-fig. 5: 
2. Dubicka et al. 2017, fig. 6: S. 
Bolivinoides strigillata strigillata (Chapman). Belford 1960, 
p. 61, pl. 15, figs 14-18. 
Transitional specimens Bolivinoides strigillatus-B.decoratus. 
Hiltermann 1963, pl. 1, figs 2-3, 7-9.
Transitional specimens Bolivinoides strigillatus-B.austinanus. 
Hiltermann 1963, pl. 1, fig. 14. 
Bolivinoides cf. austinanus (Cushman). Hiltermann 1963, pl. 
1, figs 17, 20. 
Fig. 13. Four specimens of Bolivinoides strigillata 
(Chapman, 1892) from the upper Santonian of 
Germany. 1-2: specimens previously illustrated by 
Schönfeld (1990, pl. 3, figs 12-13); © Schweizerbart 
Science Publishers; published with permission. 3-4: 
specimens previously illustrated by Koch (1977, pl. 
12, figs 5, 8); © Schweizerbart Science Publishers; 
published with permission.
Bolivinoides cyrenaicus barr 1970, p. 646, pl. 99, figs 8-9, 
pl. 100, figs 4-5. 
Bolivinoides culverensis Barr. Neagu 1992, p. 75, pl. 7, fig. 
1-11, pl. 8, figs 9-18. Dubicka and Peryt 2016, p. 79, fig. 3: 
6-8. Dubicka in Walaszczyk et al. 2016, text-fig. 5: 3. 
Transitional forms between Bolivinoides strigillatus and B. 
culverensis. Dubicka and Peryt 2016, fig. 3: 4-5.
Bolivinoides cf. culverensis Barr. Beniamovsky and 
Kopaevich 2016, fig. 2: 16-18.
Diagnosis. Species of Bolivinoides with two to three CBE on 
each lateral side of one chamber and with a deep longitudinal 
groove in the central portion of each lateral sides of the test.
Description. Test consists of the proloculus followed by 
chambers added alternately with respect to the test growth 
axis, resulting in a biserial arrangement. Chambers increase 
in size as added, are relatively high and with the longer 
axis obliquely oriented and forming an acute angle with the 
growth axis. The last-formed four or five pairs of chambers 
present well-developed narrow backward extensions that pass 
over the suture with the previous chamber of the row. Each 
chamber presents one apertural CBE, one peripheral CBE and 
four to six median CBE, which are symmetrically arranged 
on the two lateral sides; therefore, there are two to three 
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median CBE visible on each lateral side of one chamber. 
Median CBE are in general larger than the apertural CBE, 
and the peripheral CBE is the smallest of them. Sutures 
are depressed, straight or slightly curved in the direction of 
growth, and often covered by the CBE of the subsequently 
added chambers. Periphery is subrounded and simple, 
without peripheral structures. Aperture has the shape of 
an arch situated at the base of the apertural face of the last-
formed chamber, and in some specimens occurs higher on the 
apertural face, with a pseudosuture at the base. The aperture 
is partly bordered by a narrow imperforate rim. Test wall 
is calcitic, hyaline, simple and perforate. Chamber surface 
is smooth, but the earlier portion of the test on the lateral 
sides can have an ornamented aspect due to the occurrence 
of prominent vestiges of CBE, which occasionally present 
a nodular appearance. A well-defined and deep groove 
can occur in the central portion of the lateral sides of some 
specimens as result of a loose arrangement of the CBE of 
successive chambers. Pores are small, with a circular or 
elliptical outline; there is no preferential arrangement of the 
elongate pores. 
Remarks. Bolivinoides strigillata differs from B. antiquum 
mainly by having two to three rather than one median CBE 
on each lateral side of the last-formed chambers; it is also 
a much larger species (Hiltermann and Koch, 1950; Edgell, 
1954; Barr, 1966a), with the average length that is more than 
double when compared to that of B. antiquum. The variability 
of the position of the aperture was well-documented and 
illustrated in the classical works of Hiltermann and Koch 
(1950), Edgell (1954) and Barr (1966a); such variability 
seemingly indicates the aperture shift from the base of the 
apertural face on a direction towards the apex of the test. As 
the aperture advances in a higher position on the apertural 
face, the bordering walls joint along a pseudosuture at the base 
of the apertural face; the term pseudosuture was proposed by 
Georgescu (2009) in the case of the genus Praeplanctonia of 
Early Cretaceous (late Albian) age. Wall porosity could not 
be observed directly in the course of this study because all 
the examined specimens presented the test surface affected 
by diagenesis; Beniamovsky and Kopaevich (2016, fig. 4: d) 
illustrated a high-detail micrograph of the test surface of a 
relatively well-preserved specimen that presents a mixture 
of circular and elongate pores. No data on pores dimensions 
are available.
Stratigraphical range: Upper Santonian-lower Campanian.
Geographical distribution. UK (England), Australia, Africa 
(Libya), Asia (India, Kazakhstan), EU (France, Germany, 
Poland, Romania, The Netherlands), Ukraine, and USA 
(Alabama, New Jersey, Texas). 
Bolivinoides culverensis Barr, 1966a
(Figs. 14 and 15)
Synonymy
Bolivinoides hiltermanni barr 1966a, p. 229, pl. 36, figs 7-8, 
pl. 37, figs 1-3. 
Bolivinoides culverensis barr 1967, p. 136 (new name). 
Bolivinoides cyrenaicus barr 1970, p. 646, pl. 99, figs 8-9, 
pl. 100, figs 4-5.
Bolivinoides sirticus barr 1970, p. 651, pl. 100, figs 8-12. 
Bolivinoides culverensis Barr. Petters 1977, p. 1031, pl. 1, figs 
10-12. Swiecicki 1980, p. 170, pl. 6, figs 5-6. Hart et al. 1989, 
p. 322, pl. 7.4, figs 10-11. 
Bolivinoides angulatus Reiss. El-Nady 2006, p. 674, pl. 1, 
figs 1-2. 
Elongateporeia culverensis (Barr). Georgescu et al. 2011, 
p. 118, pl. 2, figs 3-13, pl. 3, figs 1-3. 
Elongateporeia (Bolivinoides) culverensis (Barr). Beniamovsky 
and Kopaevich 2016, fig. 4: d, f. 
Diagnosis. Species of Bolivinoides with wide CBE and 
primary ornamentation consisting of a mixture of circular and 
ellipsoidal pore mounds. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Earlier chambers 
are subglobular, the elongate; chamber longer axis is tilted 
and forms with the test growth axis an acute angle along a 
Fig. 14. Three specimens of Bolivinoides culverensis Barr, 
1966a from the upper Santonian of the New Jersey Coastal 
Plain (ODP Leg 174AX). 1: specimen from Sample 174AX, 
505.05-505.08 m previously illustrated by Georgescu et 
al (2011, pl. 2, figs 5-7). 2: specimen from Sample 174AX, 
505.05-505.08 m. 3: specimen from Sample 174AX, 505.05-
505.08 m.
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Fig. 15. Wall ultrastructure, primary ornamentation and porosity of 
three specimens of Bolivinoides culverensis Barr, 1966a from the 
upper Santonian of the New Jersey Coastal Plain (ODP Leg 174AX). 
All the three specimens were collected from Sample 174AX, 505.05-
505.08 m.
posterior-anterior direction. Chamber increase in size as 
added, conferring thus the test a flaring aspect in the direction 
of growth. The last-formed three to four pairs of chambers 
present well-developed, wide backward extensions, which 
extend over the previously added chamber of the same row. 
Each chamber has one apertural CBE, one peripheral CBE and 
four to six median CBE; the median CBE are symmetrically 
developed on the two lateral sides of the test and therefore, 
two to three occur on each lateral side. Apertural CBE is the 
largest of them and the peripheral CBE the smallest one; the 
median CBE gradually decrease in width from the aperture 
towards the periphery. All the CBE are separated by narrow 
inter-CBE spaces, and occasionally two such nearby CBE 
can be adjacent. Sutures are depressed, straight or slightly 
curved in the direction of growth and often covered by the 
backward extensions of the subsequently added chamber of 
the row. Test is strongly compressed in edge view. Periphery 
is subrounded to subangular and simple, without peripheral 
structures. Aperture has an elongate shape, with the longer 
axis corresponding with that of chamber elongation; it is 
situated on the apertural face of the last-formed chamber 
and in some specimens is adjacent to the suture between the 
last and penultimate of the test chambers. One imperforate 
peripheral rim, which is rarely preserved, borders the aperture 
on one side and extends towards the chamber interior as a 
short toothplate. Test wall is calcitic, hyaline, simple and 
perforate. Primary ornamentation consists of pore mounds, 
which occur especially over the chambers of the earlier 
portion of the test. Secondary ornamentation occurs over the 
earlier chambers and consists of vestigial CBE with a circular 
or elliptical outline. Pore mounds have an elliptical outline 
and are in incipient stage of development; they present a 
measured longer axis of 0.0032-0.0059 mm and shorter axis 
of 0.0016-0.0033 mm; in general they occur as scattered 
distinct structures, more rarely in clusters of two, three or 
more. Pores can present a circular diameter with a measured 
diameter of 0.0010-0.0019 mm or can be elongate, with a 
measured longer axis of 0.0015-0.0022 mm and shorter axis 
of 0.0003-0.0006 mm; strongly elongate pores have a slit-like 
aspect with the measured longer axis of 0.0018-0.0028 mm 
and shorter axis of 0.0007-0.0020 mm. Elongate and slit-like 
pores present a preferential arrangement, which is parallel to 
the test growth axis; pores with circular outline occur mostly 
over the earlier portion of the test. 
Remarks. This species differs from B. antiquum and B. 
strigillata by having wider CBE, more median CBE (two to 
three occur on each lateral side rather than only one), elongate 
pores presenting a preferential arrangement with the longer axis 
parallel to the growth direction, and primary ornamentation 
consisting of pore mounds that can be in incipient stage of 
formation or well-developed. Petters (1977, p. 1031, pl. 1, fig. 
11) reported for the first time elongate pores in B. culverensis 
from the New Jersey Coastal Plain, which were termed “slit-
like pore” and considered a characteristic of this species; their 
occurrence was later confirmed by Georgescu et al. (2011) 
based on well-preserved specimens from the same region. In 
the present study it is shown that elongate pores can occur 
in other species of Bolivinoides, but B. culverensis is one 
of the few in which they present a preferential arrangement 
parallel with the test growth axis. A description of the test 
ultrastructure (ornamentation and pore characteristics and 
distribution patterns), which is followed herein, was given 
by Georgescu et al. (2011). The evolutionary occurrence of 
this species bellow the Santonian/Campanian boundary was 
reported in several studies and confirmed herein (Barr, 1966a; 
Van Hinte, 1967; Georgescu et al., 2011) and confirmed 
herein; cases in which the lowermost occurrence is situated 
above the Santonian/Campanian boundary are considered 
local occurrences (e.g., Hampton et al., 2007; Bailey et al., 
2009; etc). The two species described by Barr (1970) from the 
upper Santonian-lower Campanian rocks of Libya, namely B. 
sirticus and B. cyrenaicus are regarded as end-members in the 
spectrum of variability of B. culverensis, the former having 
a slower increase in chamber size through the ontogenetic 
development. 
Stratigraphical range: Upper Santonian-lower Campanian.
Geographical distribution. UK (England), Africa (Egypt, 
Libya), and USA (New Jersey).
Bolivinoides angulata Reiss, 1954
(Fig. 16)
Synonymy
Bolivinoides angulata reiss 1954, p. 155, pl. 28, figs 1-4. 
Bolivinoides angulatus Reiss. Hiltermann 1963, pl. 1, fig. 21.
Diagnosis. Species of Bolivinoides with variable number of 
CBE on the lateral sides of the test and well-developed central 
groove in the posterior portion of the lateral sides. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chamber longer axis 
is tilted forming an acute angle with the test growth axis along 
a posterior-anterior direction. The last four to five pairs of 
chambers present narrow, straight to anastomosing backward 
extensions that can be extended over the previous chamber 
of the row or not. Each chamber bears one apertural CBE, 
which is the largest, one peripheral CBE that is the smallest 
one, and a variable number of median CBE; each chamber has 
two to six median CME, which are symmetrically arranged 
on the two lateral sides, so there are one to three visible on 
each lateral side. Sutures are depressed and obscured by the 
backward extensions of the subsequently added chamber of 
the row. Test is compressed in edge view, with the lateral sides 
gently concave in a view along the growth axis and from above 
the apertural face. Periphery is rounded and simple, without 
peripheral structures. Aperture has the shape of a medium 
high to high arch and is situated at the base of the last-formed 
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Fig. 16. Five specimens of Bolivinoides angulata Reiss, 
1954 from the lower Campanian of Israel. 1: holotype 
previously illustrated by Reiss (1954, pl. 28, fig. 1); 
© Cushman Foundation; published with permission. 2-3: 
paratypes illustrated by Reiss (1954, pl. 28, figs 2 and 4 
respectively); © Cushman Foundation; published with 
permission. 4-5: specimens illustrated by Hiltermann (1963, 
pl. figs 21a and 21b respectively); © Elsevier; published 
with permission.
chamber. The successive addition of CBE 
determines the formation of two longitudinal 
grooves, which are more visible along the 
tests growth axis on the lateral sides over the 
earlier portion of the test.
Remarks. No specimens of this rare species 
could be studied and therefore, the description 
is based entirely on the original figures of 
Reiss (1954) and those from the review of 
Hiltermann (1963). The two reports show a 
considerable variability in the test size: 0.47 
mm in the case of the holotype (Reiss, 1954, 
pl. 1, fig. 1) and 0.28 mm for one of the 
specimens illustrated by Hiltermann (1963, 
pl. 1, fig 21). In addition, in the original 
description and figuration by Reiss (1954) 
not only there can be two to three CBE on 
each side of the last-formed chamber, but 
these structures can also have an irregular 
and anastomosing aspect, whereas in the 
photographs given by Hiltermann (1963) 
there is only one median CBE on one lateral 
side of the last-formed chambers. No data on 
the test wall ultrastructural characteristics 
are known, but from the photographs of 
Hiltermann (1963) the test surface appears 
smooth. Notably, SEM micrographs on this 
species are not available yet and a restudy of 
the type specimens and additional material from the original 
localities in the light of the modern study techniques would be 
most helpful. Bolivinoides angulata was considered a junior 
synonym of B. culverensis by Dubicka and Peryt (2016) but 
no arguments were brought by these authors to support such 
synonymy; this synonymy is not accepted herein due to the 
sharp differences in the test morphology of the two species.
Stratigraphical range: Lower Campanian, possibly the 
lower part of the Middle Campanian.
Geographical distribution. Middle East (Israel). 
Bolivinoides pustulata Reiss, 1954
(Figs. 17 and 18)
Synonymy
(?) Bolivinoides texana cushman 1937, p. 104, pl. 15, fig. 12. 
(?) Bolivinoides texanus Cushman. Frizzell 1954, 112, pl. 16, 
fig. 20. Hiltermann 1963, pl. 2, fig. 14, 16, 18. 
Bolivinoides pustulata reiss 1954, p. 156, pl. 29, figs 9-10. 
Bolivinoides granulata hofKer 1957, p. 250, figs 303 (d-f), 
307, 310. 
Bolivinoides granulata primitiva Hofker 1957, p. 251, fig. 
303: a-c. 
Bolivinoides pustulata Reiss. Barr 1966a, p. 236, pl. 37, fig. 4. 
Bolivinoides granulatus Hofker. Hiltermann and Koch 
1962, pl. 51, figs 8-9. Hiltermann 1963, pl. 2, figs 5, 11-13. 
Beckmann and Koch 1964, p. 39, pl. 5, figs 4-6. Hanzliková 
1972, p. 82, pl. 19, fig. 13. Koch 1977, p. 52, pl. 13, figs 8-9. 
Dailey 1983, pl. 2, fig. 10. Schönfeld 1990, p. 85, pl. 3, fig. 9. 
Hofmann et al. 1999, pl. 1, fig. 12. Ohmert 2011, pl. 3, fig. 22. 
Dubicka 2015, (?) fig. 9: E, G. 
Bolivinoides pustulatus Reiss. Hiltermann 1963, pl. 2, fig. 17. 
Swiecicki 1980, p. 185, pl. 6, fig. 9. Hart et al. 1989, p. 324, 
Fig. 17. Four specimens of Bolivinoides pustulata Reiss, 1954 from the upper lower 
Campanian of Misburg, east of Hannover (Germany); all the specimens are from the 
McGugan Collection, University of Calgary.
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Fig. 18. Micrographs of the chamber surface of two specimens of 
Bolivinoides pustulata Reiss, 1954 from the upper lower Campanian 
of Misburg, east of Hannover (Germany) showing the pustulose 
primary ornamentation; note in specimen 1 that pustules can fuse and 
fore short costae in the peripheral region. Both specimens are from the 
McGugan Collection, University of Calgary.
pl. 7.5, fig. 6. Gawor-Biedowa 1992, p. 106, pl. 19, figs 7-8. 
Frenzel 2000, p. 144, pl. 24, fig. 10. 
Bolivinoides granulatus emersus becKmann and Koch 1964, 
p. 40, pl. 5, figs 1-3. 
Bolivinoides praelaevigatus Barr. Petters 1977, p. 1034, pl. 
1, figs 7-8. 
Bolivinoides granulatus emersus Beckmann and Koch. Bolli 
et al 1994, p. 130, fig. 35: 4.
Diagnosis. Species of Bolivinoides with pustulose primary 
ornamentation, with the pustules fused occasionally forming 
short ridges.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chamber longer 
axis is tilted, forming an acute angle with the text growth 
axis along a posterior-anterior direction. Chambers increase 
in size throughout the ontogenetic development resulting 
in a flaring aspect of the test; in some specimens the rate of 
last-formed pair of chambers size increase is considerably 
smaller than those between the earlier chambers. Up to five 
pairs of chambers present wider backward extensions, which 
frequently are closely spaced separated by narrow inter-
CBE spaces, and more rarely appear adjacent to the nearby 
ones; the backward extensions are short and can be extended 
in some specimens over the previous chamber of the row. 
There is one apertural CBE, one peripheral CBE and four 
to six median CBE symmetrically distributed on the two 
lateral sides of one chamber; therefore, there are two to three 
median CBE on each lateral side of a chamber. Apertural CBE 
is the largest of these structures and the peripheral one the 
smallest. Sutures are depressed, straight to gently curved in 
the direction of growth, and mostly obscured by the backward 
extensions of the subsequent chamber in a row. Test is 
strongly compressed in edge view. Periphery is subangular; 
the peripheral CBE can present a continuous pattern resulting 
in the development of a peripheral rim or weak keel. Aperture 
has an elongate shape on a direction parallel with the chamber 
main elongation axis, is situated on the apertural face of the 
last-formed chamber and in rare specimens a pseudosuture 
can be observed between the aperture base and the suture 
between the last-formed two chambers of the test. Test wall 
is calcitic, hyaline, simple and finely perforate. Primary 
ornamentation consists of pustules that can have a circular 
or elliptical outline and present a measured diameter or 
maximum dimension of 0.0035-0.0139 mm; the primary 
ornamentation elements are denser and more prominent over 
the earlier portion of the test. Pustules are frequently fused 
or partly fused towards the peripheral region resulting in 
the formation of longitudinal ridges with pustulose aspect. 
Secondary ornamentation occurs over the earlier portion of 
the lateral sides of the test, and consists of vestigial chamber 
backward extensions forming nodules and tubercles; in some 
specimens the larger pustules of the primary ornamentation 
can have the same sizes with the secondary ornamentation 
structures, which makes them more difficult to study. 
Most of the pores present a circular outline, with measured 
diameters of 0.0030-0.0055 mm. Pores with an elongate or 
irregular outline can occur, and in this case their measured 
maximum dimension is of 0.0043-0.0091 mm; the pores with 
elongate outline are randomly oriented and do not present a 
preferential arrangement. 
Remarks. Bolivinoides pustulata differs from B. culverensis 
mainly by the primary ornamentation features, which is 
dominated by pustules and does not present pore mounds, 
and porosity features in which the elongate pores lack a 
preferential arrangement with the longer axis parallel to 
the test growth axis; in addition slit-like pores that occur 
consistently in B. culverensis, are absent in B. pustulata. The 
obvious resemblances between the gross test architecture of 
the two species together with the considerable morphological 
differences in the test ultrastructures indicate that SEM 
observations are necessary for their correct identification. The 
status of this species was differently considered by various 
authors. Hiltermann (1963) noted the similarities between 
B. texanus, B. pustulata and B. granulata; Barr (1966a) 
considered that B. pustulata and B. granulata are synonyms 
and the name of the former species has priority; subsequently, 
Schönfeld (1990) noted that such a synonymy is insufficiently 
documented and used B. granulatus as valid name for this 
taxon. In the actual study, B. pustulata and B. granulata are 
considered synonyms and the earliest described one is valid 
according to the Principle of Priority. Dubicka and Peryt 
(2016) included in the synonymy of B. granulatus the species 
described and named B. pustulata and B. granulata by Reiss 
(1954) and Hofker (1957) respectively; the priority in naming 
species follows the chronological order in which they were 
and are described across the biological and paleontological 
sciences and therefore, the anti-chronological order used by 
Dubicka and Peryt (op. cit.) cannot be accepted. 
Stratigraphical range: Upper lower Campanian-lower upper 
Campanian.
Geographical distribution. USA (New Jersey, Texas), 
Caribbean Region (Trinidad), EU (Austria, Czech Republic, 
Germany, The Netherlands, Poland), Middle East (Israel), UK 
(England), and South Atlantic Ocean.
Bolivinoides praelaevigata Barr, 1966a
(Fig. 19)
Synonymy
Bolivinoides praelevigata Barr 1966a, p. 237, pl. 38, figs 7-9.
Bolivinoides praelevigatus Barr. Salaj and Maamouri 1982, 
pl. 4, fig. 9.
Bolivinoides praelevigata Barr. Jaff et al. 2014, pl. 2, figs 
11-12. 
Bolivinoides laevigatus Marie. Dubicka and Peryt 2016, fig. 
10: 1. 
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Fig. 19. Two specimens of Bolivinoides praelaevigata Barr, 1966a 
from the lower Maastrichtian of the surroundings of Norfolk (UK, 
England); both specimens are from the McGugan Collection, 
University of Calgary.
Bolivinoides granulatus Hofker. Dubicka in Walaszczyk et al. 
2016, text-fig. 5: 9.
Diagnosis. Species of Bolivinoides with smooth chamber 
surface and weakly developed CBE that present a low relief.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the growth axis 
resulting in a biserial arrangement. Chamber longer axis is 
tilted with respect to the test growth axis, forming an acute 
angle with it along a posterior-anterior direction; chamber 
s increase gradually in size as added. Up to six pairs of 
chambers of the adult stage present short and narrow to wide 
backward extensions with low relief, which are short and 
extend over the previously formed chamber of the row. Each 
of the last-formed chambers presents six to eight CBE as 
follows: one apertural CBE, which is often the largest one, 
one peripheral CBE, which can be very small and often the 
smallest of them, and four to six median CBE; median CBE 
are symmetrically arranged on the two lateral sides of each 
chamber, so on each lateral side there can be two to three 
CBE. In general there is a decrease in the median CBE size 
from the aperture towards the periphery, but specimens that 
present sharp differences from this pattern are encountered; 
is such specimens the term irregular can be applied to degree 
of development of the median CBE. In some specimens 
the CBE of the successively added chambers can form two 
weakly developed ridges parallel with the test growth axis 
over the lateral sides of the earlier portion of the test. Sutures 
are depressed and straight to gently curved in the direction 
of growth, and often obscured by the backward extensions 
of the subsequently added chambers. The test is strongly 
compressed in edge view, with parallel sides. Periphery is 
subrounded to subangular and simple, without periapertural 
structures. Aperture is simple, with elongate outline and 
situated on the apertural face of the last-formed chamber; one 
weak pseudosuture can occur between the aperture base and 
the suture between the last-formed and penultimate chambers 
of the test as seen in edge view. One imperforate periapertural 
rim, which is rarely preserved, borders the aperture at least 
on one side and extends towards the chamber interior as a 
short neck. Test wall is calcitic hyaline, simple and perforate. 
Chamber surface is smooth, without primary or secondary 
ornamentation. Pores are small-sized, with a circular or more 
rarely elongate outline and a measured diameter or maximum 
dimension respectively of 0.0003-0.0009 mm. 
Remarks. Bolivinoides praelaevigata presents in general 
large sizes, with a maximum measured length of 0.523 mm. 
The backward extensions are narrower when compared to 
those of B. culverensis and B. pustulata, but are separated 
by somehow wider inter-CBE spaces. The occurrence of 
one pseudosuture between the aperture base and the suture 
between the last-formed and penultimate chamber in some 
specimens is evident in the original figuration of this species 
(Barr, 1966a, pl. 38, figs 7b and 9b). Another interesting 
morphological feature of this species is the complete absence 
of the primary ornamentation; in addition, the secondary 
ornamentation is represented only by two weakly developed 
ridges parallel to the growth axis in the posterior side of the 
test on the two lateral sides. Bolivinoides praelaevigata differs 
from B. strigillata mainly by the weakly developed CBE, 
more compressed test with a slower rate of thickness increase 
resulting in parallel sides in edge view, and larger size. The 
evolutionary occurrence of this species was well-documented 
by Barr (1966a) and all the subsequent reports indicate higher 
stratigraphical levels within the species range.
Stratigraphical range: Uppermost lower Campanian-lower 
Maastrichtian.
Geographical distribution. UK (England), Africa (Tunisia), 
EU (France, Poland), and Middle East (Iraq). 
Bolivinoides laevigata Marie, 1941
(Fig. 20)
Synonymy
Bolivinoides decorata (Jones) laevigata marie 1941, p. 189, 
fig. 281. 
Bolivinoides decorata laevigata Marie. Hiltermann 1952, p. 
63, text-figs 4-5. Hagn 1953, p. 75, pl. 6, fig. 23. 
Bolivinoides praecursor reiss 1954, p. 156, pl. 30, figs 4-7. 
Bolivinoides laevigata Marie. Hiltermann and Koch 1955, p. 
367, pl. 27, figs 13-15. Hofker 1957, p. 252, fig. 304: c. Goel 
1965, p. 83, pl. 7, fig. 19. Barr 1966a, p. 237, pl. 34, fig. 7, pl. 
38, figs 1-5. 
Bolivinoides praecursor Reiss. Bieda 1958, p. 41, fig. 12. 
Goel 1965, p. 79, pl. 7, fig. 8. Plotnikova 1967, p. 94, pl. 15, 
fig. 4. Kaptarenko-Chernousova et al. 1979, p. 146, pl. 55, 
fig. 10. 
Bolivinoides laevigatus laevigata Marie. Vassilenko 1961, p. 
195, pl. 40, figs 2-3.
Bolivinoides laevigatus finitima VassiLenKo 1961, p. 196, pl. 
40, figs 5-6, 9. 
Bolivinoides laevigatus Marie. Hiltermann and Koch 1962, 
pl. 51, fig. 11. Hiltermann 1963, pl. 2, figs 6-10. Plotnikova 
1967, p. 93, pl. 14, fig. 7. Sliter 1968, p. 89, pl. 13, fig. 2. 
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Fig. 20. Four specimens of Bolivinoides laevigata Marie, 1941 from the lower 
upper Campanian of Höver, east of Hannover (Germany); all the specimens are 
from the McGugan Collection, University of Calgary.
Voloshina 1974, p. 21, pl. 2, fig. 11. Koch 1977, p. 52, pl. 
13, fig. 7. Petters 1977, p. 1033, pl. 1, fig. 4. Kaptarenko-
Chernousova et al. 1979, p. 146, pl. 55, fig. 19. Hart et al. 
1989, p. 324, pl. 7.5, figs 1-2. Schönfeld 1990, p. 81, pl. 3, 
figs 5-6. Rescher 1991, pl. 17, fig. 1. Gawor-Biedowa 1992, 
p. 102, pl. 17, fig. 2. Ohmert 2011, pl. 3, fig. 23. Sheldon et 
al. 2012, fig. 3: P. Jaff et al. 2014, pl. 1, figs 13-14, pl. 2, fig. 
8. Dubicka 2015, fig. 8: B, D. Dubicka and Peryt 2016, p. 86, 
fig. 9: 8-11. Dubicka in Walaszczyk et al. 2016, text-fig. 5: 11.
Transitional specimens Bolivinoides laevigatus-B. granulatus. 
Hiltermann 1963, pl. 2, fig. 4. 
Bolivinoides hiltermanni GoeL 1965, p. 83, pl. 6, figs 17-18. 
Bolivinoides laevigatus laevigatus Marie. Swiecicki 1980, p. 
177, pl. 6, fig. 10. 
Diagnosis. Species of Bolivinoides with smooth chamber 
surface, in general with low relief CBE and secondary 
ornamentation weakly developed over the posterior portion of 
the test lateral sides. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect with the test growth 
axis resulting in a biserial arrangement. Chamber longer 
axis is tilted, forming an acute angle with the test growth 
axis along a posterior-anterior direction; there is a gradual 
increase in chamber size resulting in a flaring test outline in 
lateral view. The last-formed five to seven pairs of chambers, 
mostly six, present chambers with wide to narrow backward 
extensions, which extend over the previous chambers of the 
row; the backward extensions present in general a low relief, 
and are separated by narrow inter-CBE spaces. Each chamber 
presents in general ten backward extensions as follows: one 
apertural CBE, which in many specimens is also the largest, 
one peripheral CBE that is the smallest and six median CBE 
symmetrically distributed on the two lateral sides of the 
chamber; therefore, there are three median CBE 
on each lateral side of one of the last-formed 
chambers, and there are rare specimens where 
the number is reduced to two. In general the M1 
CBE is the largest of them and there is a gradual 
decrease of the median CBE from the apertural 
face of one chamber towards the periphery; in 
some specimens the M1 CBE is larger than the 
apertural CBE. Sutures are straight to anteriorly 
curved and obscured by the backward extensions 
of the previously added chamber of the row. Test 
is laterally compressed, with a slow increase 
in chamber thickness throughout the ontogeny. 
Periphery is subrounded to subangular and 
simple, without peripheral structures. Aperture is 
elongate and situated on the apertural face of 
the last-formed chamber; aperture longer axis is 
in general parallel to the chamber longest axis; 
periapertural structure is rarely preserved and 
consists of one imperforate rim that borders the 
aperture on one side and extends towards the 
chamber interior as a short toothplate. In rare 
specimens, one pseudosuture can occur between 
the aperture base and the suture between the 
last-formed and penultimate chamber in edge 
view. Test wall is calcitic, hyaline, simple and 
perforate. Chamber surface is smooth, without 
primary ornamentation. Secondary ornamentation 
can occur over the earlier portion of the test on the two 
lateral sides as vestigial CBE, but specimens showing this 
feature are rare; two longitudinal rows resulted from the 
loose alignment of the CBE can occur frequently on the 
lateral sides of the earlier portion of the tests. Pores are 
small, with a circular or more rarely elongate outline and a 
measured diameter or maximum dimension respectively of 
0.0002-0.0009 mm. 
Remarks. Bolivinoides laevigata differs from B. praelaevigata 
by having more prominent CBE on the two sides of the test, a 
slow but constant chamber increase in thickness and therefore, 
lacking parallel test sides in edge view, and more regularly 
developed CBE especially in the last-formed chambers where 
the decrease in size from the aperture to periphery has a high 
degree of constancy; in addition, the number of median CBE 
is rather constant, three on each lateral side on one chamber, 
rather than variable, two to three as is in B. praelaevigata. 
Dubicka and Peryt (2016) considered B. praelaevigata 
a junior synonym of B. laevigata, without bringing any 
argument to support this synonymy; the high resolution 
data on the test morphology on the two species as presented 
herein, indicate that the two species are both distinct and 
valid; therefore, the perspective of Barr (1966a) is considered 
factual and paramount in the development of a high resolution 
classification. One possibility, which I consider distinct, is that 
Dubicka and Peryt (2016) misinterpreted the test morphology 
of B. praelaevigata, which was illustrated as drawings by Barr 
(1966sa, pl. 38, figs 7-9) for such technique can occasionally 
provide a distorted perspective on the features prominence. 
Stratigraphical range: Uppermost lower Campanian-lower 
Maastrichtian.
Geographical distribution. EU (Denmark, France, Germany, 
Poland, The Netherlands), Asia (Russia), Middle East (Iraq, 
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Israel), UK (England), Ukraine, and USA (California, New 
Jersey, Texas).
Bolivinoides decorata (Jones in Wright, 1886)
(Fig. 21)
Synonymy
Bolivina decorata Jones in Wright 1886, p. 330, pl. 27, 
figs 7-8. 
Bolivina decorata Jones. Heron-Allen and Earland 1910, p. 
409, pl. 7, figs 1-2. Plummer 1931, p. 181, pl. 10, fig. 10. 
Macfadyen 1932, pl. 35, fig. 20. Applin and Applin 1944, pl. 
5, fig. 9. Shimer and Shrock 1944, pl. 8, fig. 6. Moore et al. 
1952, fig. 2-9: 6. 
Bolivina latticea carsey 1926, p. 27, pl. 4, fig. 9. 
Bolivinoides decorata delicatula Cushman. Cushman 1931, 
p. 308, pl. 35, fig. 13. Cushman 1932, p. 338, pl. 51, fig. 6. 
Cushman 1933, pl. 26, fig. 19. Marie 1941, p. 188, pl. 29, fig. 
280. Cushman 1944, p. 11, pl. 2, fig. 22.  Cushman 1946, p. 
113, pl. 48, figs 11-12. Cushman and Renz 1946, p. 36, pl. 6, 
fig. 4. Cushman 1948, p. 259, pl. 24, fig. 15. 
Bolivinoides decorata (Jones). Sandidge 1932, p. 196, pl. 
19, fig. 16. Dain 1934, p. 33, pl. 3, fig. 34. Cole 1938, pl. 4, 
fig. 9. Schijfsma 1946, p. 70, pl. 7, fig. 8. Cushman 1948, p. 
259, pl. 24, fig. 14. Hofker 1955, fig. b. Hofker 1957a, fig 
323: b. Hofker 1958a, pl. 1, figs 3-10. Hofker 1958b, fig. 1. 
Yeremeyeva and Belousova 1961, p. 86, pl. 24, fig. 6. Barr 
1966a, p. 231, pl. 34, figs 2-6, 12, pl. 35, figs 6-9, pl. 36, figs 
Fig. 21. Three specimens of Bolivinoides decorata (Jones in Wright, 1886) 
from the lower Maastrichtian of the surroundings of Norfolk (UK, England) 
(1-2) and upper Campanian of the surroundings of Lüneburg (Germany); all 
the three specimens are from the McGugan Collection, University of Calgary.
1-5. Barr 1966b, p. 500, pl. 77, figs 4-5. Hofker 1966, pl. 3, 
fig. 50, Robaszynski et al. 1985, pl. 6, figs 1-2. Robaszynski 
and Christensen 1989, pl. 2, figs 1-3. Neagu 1992, p. 75, pl. 
8, figs 19-24.
Bolivinoides decoratus (Jones). Keller 1939, pl. 2, fig. 3. 
Maslakova 1959, p. 115, pl. 14, figs 4-5. Akimetz 1961, p. 
188, pl. 18, figs 17-18. Kaptarenko-Chernousova et al. 1963, 
p. 109, pl. 25, fig. 4. Baranovskaya and Bulinnikova1964, p. 
291, pl. 64, figs 1-8. Van Hinte 1967, pl. 1, figs 2-3. Hanzliková 
1969, p. 31, pl. 5, fig. 10. Hanzliková 1972, p. 80, pl. 19, figs 
7-9. Gorbenko 1974, p. 52, pl. 9, fig. 1. Petters 1977, p. 1032, 
pl. 1, fig. 2. Villain 1977, p. 69, pl. 5, fig. 14. Rozumeiko 1978, 
p. 136, pl. 20, fig. 6. Kaptarenko-Chernousova et al. 1979, p. 
145, pl. 55, fig. 12. Neagu 1979, pl. 53, fig. 38. Swiecicki 
1980, p. 172, pl. 6, figs 2-4. Salaj and Maamouri 1982, pl. 4, 
fig. 4. Gawor-Biedowa 1984, pl. 1, fig. 4. Olsson and Nyong 
1984, pl. 4, fig. 10. Liszkowa and Morgiel 1985, pl. 2, fig. 1. 
Aliev et al. 1988, p. 106, pl. 11, fig. 9, pl. 12, fig. 1. Hart et al. 
1989, p. 324, pl. 7.4, fig. 12. Bless et al. 1990, fig. 5: h, l-o. 
Gawor-Biedowa 1992, p. 99, pl. 20, fig. 4. Gasiński 1993, pl. 
1, fig. 8. Hewaidy and El Ashwah 1993, pl. 4, fig. 14. Bolli 
et al. 1994, p. 129, fig. 34: 35. Ismail and El Saadany 1995, 
p. 195, fig. 11: 4. Speijer and van der Zwaan 1995, p. 46, pl. 
9, fig. 2. Witte and Schuumann 1996, pl. 1, fig. 16.  Widmark 
1997, p. 34, fig. 13: G. Khalil and Mashaly 2004, pl. 6, fig. 4. 
El Ashwah 2005, pl. 1, fig. 10. Machaniec and Zapałowicz-
Bilan 2005, fig. 3: 2. El-Nady 2006, p. 674, pl. 1, figs 5-7. 
Niazi et al. 2013, pl. 4, fig. 2. Jaff et al. 2014, pl. 1, fig. 6. 
Dubicka 2015, fig. 8: F, H. Dubicka and Peryt 2016, p. 
80, fig. 4: 1-4. Dubicka in Walaszczyk et al. 2016, text-
fig. 5: 5.
Bolivinoides draco (Marsson). Wicher 1949, pl. 5, fig. 5, 
pl. 7. Nomura 1995, pl. 2, fig. 22. 
Bolivinoides decorata decorata (Jones). Hiltermann and 
Koch 1950, p. 606, figs 2-4 (14-25, 27-31, 35-38, 42-45), 
5 (36, 71). Hagn 1953, p. 74, pl. 6, fig. 22. Pożaryska 
1954, p. 154, fig. 5. Reiss 1954, p. 155, pl. 28, figs 5-8, 
13. Hiltermann and Koch 1955, p. 365, pl. 28, fig. 4. 
Bieda 1958, p. 32, fig. 6. Pokorný 1958/1963, fig. 329: 
left figure. Witwicka 1958, p. 198, pl. 9, fig. 9. Ansary 
et al. 1962, pl. 4. Van Hinte 1963, p. 105, pl. 14, fig. 1. 
McGugan 1974, pl. 1, fig. 3. 
Bolivinoides polonica Pożaryska 1954, p. 252, fig. 1. 
Bolivinoides decoratus decoratus (Jones). McGugan 
1957, p. 339, pl. 32, figs 10-15. Hiltermann and Koch 
1962, p. 315, pl. 46, fig. 7. Hiltermann 1963, pl. 3, 
fig. 15, pl. 4, figs 6, 8-14. Beckmann and Koch 1964, 
p. 43, pl. 6, figs 11-15. Medizza 1967, p. 21, pl. 1, fig. 
11. Heller 1975, pl. 4, fig. 12. Koch 1977, p. 51, pl. 12, 
figs 5-6. Jordan and Gasse 1986, p. 15, pl. 5, figs 1-3. 
Rescher 1991, pl. 17, fig. 2. Frenzel 2000, p. 136, pl. 25, 
figs 2-5. Georgescu 2012, pl. 1, figs 15-18. 
Bolivinoides decoratus decorata (Jones). Bykova 1959, 
fig. 1: 2. Vassilenko 1961, p. 189, pl. 39, fig. 8-10. 
Plotnikova 1967, p. 89, pl. 14, figs 5-6. 
Bolivinoides polonica Pożaryska. Hofker 1960c, figs 
2-5. Pożaryska 1965, p. 100, pl. 14, fig. 2. 
Transitional specimens Bolivinoides draco miliaris-B. 
decoratus. Hiltermann 1963, pl. 4, fig. 15.
Bolivinoides cf. decorata decorata (Jones). Van Hinte 
1963, p. 105, pl. 14, fig. 2. 
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Bolivinoides rhombodecorata GoeL 1965, p. 80, pl. 7, 
figs 9-10. 
Bolivinoides pustulodecorata GoeL 1965, p. 80, pl. 7, fig. 11. 
Bolivinoides cf. miliaris Hiltermann and Koch. Van Hinte 
1965, p. 81, pl. 1, fig. 4. 
Bolivinoides cf. decoratus (Jones). Barr 1970, p. 647, pl. 100, 
figs 1-3. 
Bolivinoides australis Edgell. Sliter 1977b, pl. 5, figs 2-3. 
Swiecicki 1980, p. 168, pl. 6, fig. 1.  
Bolivinoides gr. decoratus (Jones). Tronchetti 2001, pl. 4, figs 
1-2. 
Bolivinoides gr. miliaris Hiltermann and Koch. Tronchetti 
2001, pl. 4, figs 3-5. 
Bolivinoides culverensis Barr transitional to B. decoratus 
(Jones). Dubicka 2015, fig. 6: F.
Bolivinoides decoratus (Jones) transitional to B. 
sidestrandensis Barr. Dubicka 2015, fig. 6: H.
Transitional between Bolivinoides strigillatus to B. decoratus. 
Dubicka and Peryt 2016, fig. 3: 9-12. 
Bolivinoides culverensis Barr. Dubicka et al. 2017, fig. 6: P-R. 
Diagnosis. Species of Bolivinoides with smooth surface and 
well-developed CBE. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the growth axis 
resulting in a biserial chamber arrangement. Chambers are 
low and tilted, with the elongation axis obliquely oriented 
with respect to the test growth axis, with which it forms an 
acute angle Chambers increase in size as added throughout 
ontogeny resulting in a flaring test; the last-formed four to six 
pairs of chambers present well-developed, narrow backward 
extensions that have a marked in relief aspect, and extend over 
the previous chamber of the row. The backward extensions 
are separated by inter-CBE spaces; in general the width of 
the inter-CBE spaces is almost equal to that of the adjacent 
backward extensions. Each chamber has ten to more rarely 
twelve CBE as follows: one apertural CBE, which can be 
the largest or not, one peripheral CBE that in general is the 
smallest one and six to more rarely eight median CBE; the 
median CBE are symmetrically distributed on the two lateral 
side of each chamber and therefore, three to more rarely four 
are visible on one lateral side. Median CBE present in general 
comparable sizes but rarer specimens, in which the M1 CBE 
is the largest and there is a decrease in backward extensions 
size from the aperture towards the periphery, are also known. 
Sutures are depressed and straight, often covered by the CBE 
of the successively added chamber of the row. Test wall is 
compressed in edge view, with a slight increase in thickness 
through ontogeny. Periphery is subangular, and the fused 
peripheral CBE of the last-formed chambers can confer the 
test a weakly keeled aspect in the adult portion. Aperture is 
elongate and situated on the apertural face of the last-formed 
chamber, with the elongation axis parallel or superimposed 
over the chamber elongation axis. Periapertural structure 
consists of one imperforate peripheral rim that borders the 
aperture on one side and extends towards the chamber interior 
as one short toothplate. Test wall is calcitic, hyaline, simple 
and perforate. The primary ornamentation is completely 
absent and therefore, the chamber surface appears smooth. 
Secondary ornamentation consists of vestigial structures with 
circular or elliptical outline of the CBE and occurs over the 
lateral sides of the earlier portion of the test. Most of the pores 
have a circular outline, more rarely elliptical or irregular, 
and present a measured diameter or maximum dimension 
respectively of 0.0004-0.0011 mm; the pores with elliptical 
outline do not present a preferential orientation pattern. 
Remarks. Bolivinoides decorata differs from B. laevigata 
mainly by having more prominent chamber backward 
extensions, which are narrower and separated by wider 
inter-CBE spaces. In addition the pores are slightly larger: 
0.0004-0.0011 mm rather than 0.0002-0.0009 mm. This 
species differs from B. strigillata especially by having more 
regularly developed CBE over the last-formed chambers 
and less developed secondary ornamentation; the two 
species present numerous morphological resemblances, 
which determined some authors to illustrate specimens 
they considered transitional between B. strigillata and B. 
decorata (Hiltermann, 1963; Dubicka and Peryt, 2016). The 
observations in this study indicate that there is no overlapping 
between the stratigraphical ranges of the two species as 
previously shown for example by Barr (1966a) and Petters 
(1977); therefore, such alleged ‘transitional’ specimens are 
assigned either to B. strigillata or B. decorata.
Stratigraphical range: Middle Campanian-lower Maastrichtian. 
Geographical distribution. UK (England, Northern Ireland), 
Africa (Egypt, Libya, Tunisia), Asia (Azerbaijan, Belarus, 
Kazakhstan, Iran, Russia), Caribbean Region (Trinidad), 
EU (Austria, Belgium, Czech Republic, France, Germany, 
Italy, Ireland, Poland, Romania, The Netherlands), Middle 
East (Iraq), Ukraine, USA (Alabama, Florida, Georgia, 
Maryland, New Jersey, Texas), East Indian Ocean, and South 
Atlantic Ocean. 
Bolivinoides elongatoporosa (Georgescu, Arz, Macauley, 
Kukulski, Arenillas and Pérez-Rodríguez, 2011)
(Figs. 22 and 23)
Synonymy
Elongateporeia elongatoporosa GeorGescu, arz, macauLey, 
KuKuLsKi, areniLLas and pérez-rodríGuez 2011, p. 120, pl. 
3, figs 4-14. 
Bolivinoides granulatus Hofker. Dubicka and Peryt 2016, p. 
86, fig. 9: 1-6.  
Diagnosis. Species of Bolivinoides with the primary 
ornamentation consisting of ellipsoidal pore mounds, and 
main porosity represented by slit-like pores. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chamber longer 
axis is tilted and forms an acute angle with the test growth 
axis along the posterior-anterior direction. There is a gradual 
increase of chamber size throughout ontogeny, resulting in a 
flaring aspect of the test in lateral view. The last-formed one or 
two pairs of chambers present wide and low relief backward 
extensions. Each of the last-formed chambers present four to 
ten such backward extensions as follows: one apertural CBE, 
one peripheral CBB that is the smallest of them and two to 
six median CBE symmetrically arranged on the two lateral 
sides of the test; therefore, on each lateral side there are one to 
two, rarely three CBE. In general the M1 CBE is larger than 
the apertural CBE. Based on the two reports of this species it 
appears reasonable to infer a reduction in the number of median 
CBE from two to three towards the base of its stratigraphical 
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Fig. 22. Four specimens of Bolivinoides elongatoporosa (Georgescu et al., 2011) from the upper 
Campanian sediments of the New Jersey Coastal Plain (ODP Leg 174AX). 1: holotype from Sample 
174AX, 435.56-435.57 m previously illustrated by Georgescu et al. (2011, pl. 3, figs 4-5). 2: paratype 
from Sample 174AX, 435.56-435.57 m previously illustrated by Georgescu et al. (2011, pl. 3, figs 
6-8). 3: paratype from Sample 174AX, 435.56-435.57 m previously illustrated by Georgescu et al. 
(2011, pl. 3, figs 10-11). 4: paratype from Sample 174AX, 435.56-435.57 m.
Fig. 23. Micrographs of the chamber surface of three specimens of Bolivinoides 
elongatoporosa (Georgescu et al., 2011) from the upper Campanian sediments 
of the New Jersey Coastal Plain (ODP Leg 174AX); all specimens are from 
Sample 174AX, 435.56-435.57 m. A detail of figure 1a was illustrated by 
Georgescu et al. (2011, pl. 3, fig. 9).
range to one towards the top. Sutures are depressed, straight 
or more rarely curved in the direction of growth and in general 
visible, without being obscured by the short CBE. Test is 
strongly compressed in edge view, with nearly parallel lateral 
sides and a slight increase in thickness towards the last-
formed chambers. Periphery is subangular and simple, 
without periapertural structures. Aperture is situated 
on the apertural face of the last-formed chamber, and 
has an elongate to more rarely subcircular outline; the 
aperture elongation axis matches that of the chamber 
elongation as seen in edge view. Periapertural structure 
is rarely preserved and consists of one imperforate 
rim that borders the aperture on one side and extends 
towards the chamber interior as a short toothplate. Test 
wall is calcitic, hyaline, simple and perforate. Primary 
ornamentation consists of scattered well-developed pore 
mounds with an elliptical outline with a measured length 
of 0.0053-0.0097 mm and a measured width of 0.0023-
0.0034 mm; these structures are preferentially arranged 
with the longest axis parallel or subparallel to the test 
growth axis. In rare cases these structures can occur as 
clusters of two or three. Secondary ornamentation lacks 
completely in this species. Pores are slit-like, straight or 
undulated, with a measured length of 0.0034-0.0059 mm 
and a measured width of 0.0001-0.0003 mm.
Remarks. This species was first reported, described and 
formalized based on material from the Marshalltown 
Formation of the New Jersey coastal plain by Georgescu 
et al. (2011); the test ultrastructures are well-preserved 
and the ornamentation consisting entirely of well-developed 
elongate pore mounds was reported; the authors noted also 
that such ornamentation is not known in any other species of 
benthic foraminifera with biserial chamber arrangement (ibid., 
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p. 122). The water energy during the time of accumulation 
of the Marshalltown Formation was relatively high and for 
this reason the last-formed chambers of the tests at the type 
locality are broken. Despite these difficulties the species was 
considered descendent from B. culverensis with which were 
included within the genus Elongateporeia by Georgescu 
et al. (2011); notably, this genus that accommodates a 
directional lineage is a unit of evolutionary classification. It 
was recognized at that time a gap encompassing roughly the 
middle Campanian that separated the two species. But this 
gap was filled recently by Dubicka and Peryt (2016) who 
reported B. elongatoporosa as B. granulatus from Poland; 
the report indicates the occurrence of a zone in which the 
stratigraphical ranges of the ancestral B. culverensis overlap 
with that of the descendant B. elongatoporosa and therefore, 
validating the directional lineage Elongateporeia. Dubicka 
and Peryt (2016, p. 86) misinterpreted the ornamentation in 
B. elongatoporosa and B. granulatus and drew the conclusion 
that such ornamentation “… can occur sporadically in an 
almost all bolivinoidids taxa.” This interpretation is proved 
inaccurate in the present study where is demonstrated that the 
ornamentation of B. elongatoporosa consists of elongate pore 
mounds, whereas that of B. pustulata of domical pustules, 
which are imperforate. In fact the two species seemingly 
evolved from the same ancestor, which is B. culverensis, 
which explains somehow the high chances to be confused for 
each other in case the ultrastructural features are not taken in 
consideration. 
Stratigraphical range: Middle-lower upper Campanian. 
Geographical distribution. USA (New Jersey) and EU 
(Poland). 
Bolivinoides delicatula Cushman, 1927a
(Figs. 24 and 25)
Synonymy
Bolivina decorata Jones. Cushman 1926b, p. 586, pl. 15, fig. 
11. White 1929, p. 43, pl. 5, fig. 1. 
Bolivinoides decorata delicatula cushman 1927a, p. 90, pl. 
12, fig. 8. 
Bolivinoides decorata delicatula Cushman. Cushman and 
Jarvis 1928, p. 99, pl. 14, fig. 9. Cushman and Jarvis 1932, p. 
42, pl. 13, fig. 2. Cushman 1946, p. 113, pl. 48, figs 10, 13-14. 
Wicher 1949, p. 85, pl. 5, fig. 4, pl. 7. Hiltermann and Koch 
1950, p. 612, fig. 5 (65-67). Hiltermann 1952, p. 61, text-figs 
4-5. Liszka 1955, p. 184, pl. 12, fig. 14. 
Bolivinoides sp. (813) “traubig”. Wicher 1953, fig. 1: 4. 
Bolivinoides decoratus latticeus (Carsey). Frizzell 1954, p. 
112, pl. 16, figs 18-19. 
Bolivinoides “traubig” n.sp. Bettenstaedt and Wicher 1955, 
pl. 2, fig. 21. 
Bolivinoides delicatulus Cushman. Said and Kenawy 1956, p. 
140, pl. 3, fig. 44. Bykova 1959, fig. 1: 4. Maslakova 1959, p. 
115, pl. 14, fig. 6. Rauzer-Chernousova and Fursenko 1959, 
fig. 834. Akimetz 1961, p. 189, pl. 18, fig. 19. Vassilenko 
1961, p. 193, pl. 40, fig. 7. Hillebrandt 1962, p. 71, pl. 5, fig. 
13. Graham and Church 1963, p. 51, pl. 5, fig. 24. Plotnikova 
1967, p. 90, pl. 15, fig. 3. Hanzliková 1972, p. 82, pl. 19, fig. 
12. Gorbenko 1974, p. 53, pl. 9, fig. 2. Voloshina 1974, p. 21, 
pl. 2, fig. 12. Govindan 1977, p. 473, pl. 2, figs 11-12, 14, 
16-17, text-fig. 10: d-g. Rozumeiko 1978, p. 139, pl. 20, fig. 
Fig. 24. Three specimens of Bolivinoides delicatula Cushman, 
1927a from the lower Maastrichtian sediments of Yucatan outer 
shelf (DSDP Site 95). All the specimens are from Sample 10-95-13-
1, 101.5-103 cm.
8. Kaptarenko-Chernousova et al. 1979, p. 145, pl. 55, fig. 
17. Dailey 1983, pl. 2, fig. 5. Tjalsma and Lohmann 1983, p. 
5, pl. 4, fig. 7. Liszkowa and Morgiel 1985, pl. 2, fig. 2. Van 
Morkhoven et al. 1986, p. 337, pl. 110, figs 1-2. De Klasz et 
al. 1988, p. 57, pl. 12, fig. 9. Salaj 1988, pl. 1, fig. 16. Thomas 
1990, pl. 1, fig. 15. Nomura 1991, pl. 1, fig. 6. De Klasz and 
de Klasz 1993, p. 314, pl. 1, fig. 10. Boltovskoy et al. 1995, p. 
133, pl. 1, fig. 11. Widmark 1997, p. 34, fig. 13: E. Alegret and 
Thomas 2001, p. 279, pl. 2, fig. 11. El-Dawy 2001, pl. 2, fig. 
4. Howe et al. 2003, pl. 8, figs 33-34. Campbell et al., 2004, 
fig. 14: H-I. El-Nady 2006, p. 675, pl. 1, figs 8-10. Naidin and 
Beniamovski 2006, pl. 3, fig. 19. Alegret et al. 2009, pl. 1, fig. 
6. Anan 2011b, p. 136, pl. 1, fig. 3. Holbourn et al. 2013, p. 72, 
figs 1-3. Olshanetskiy 2015, p. 696, pl. 2, fig. 6.  
Bolivinoides delicatula Cushman. Hofker 1957, p. 251, figs 
303 (g), 304 (a-b), 306, 308-309, 311. Bieda 1958, p. 38, fig. 
10. Kavary and Frizzell 1963, p. 29, pl. 4, figs 1-2. Sztrákos 
2005, pl. 6, fig. 1. 
Bolivinoides decoratus delicatulus Cushman. Hiltermann and 
Koch 1962, p. 315, pl. 47, fig. 5. 
Bolivinoides cf. delicatulus Cushman. Hiltermann 1963, pl. 
2, fig. 15. 
Bolivinoides delicatulus delicatulus Cushman. Hiltermann 
1963, pl. 1, figs 1, 4-6, 10, pl. 2, fig. 19, pl. 3, figs 1-2, 5-6, 
10, 13-14, 16-18. Beckmann and Koch 1964, p. 41, pl. 5, figs 
11-21. Medizza 1967, p. 22, pl. 2, fig. 7. Bolli et al. 1994, p. 
129, fig. 34: 37. 
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Fig. 25. Detail micrographs of specimens of Bolivinoides delicatula Cushman, 1927a 
from the lower Maastrichtian sediments of Yucatan outer shelf (DSDP Site 95) showing 
the ornamentation consisting of fine costae consisting of aligned and fused pustules. All 
specimens are from Sample 10-95-13-1, 101.5-103 cm.
Transitional specimens Bolivinoides delicatulus delicatulus-B. 
delicatulus regularis. Hiltermann 1963, pl. 3, fig. 19. 
Diagnosis. Species of Bolivinoides with primary 
ornamentation consisting of short fine costae parallel to the 
periphery or test longitudinal axis. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chambers are low and 
tilted, with the elongation axis tilted and forming an acute angle 
with that of growth axis along a posterior-anterior direction. 
Chambers increase slowly in size as added, resulting in a gently 
anteriorly flaring outline in lateral view. Up to seven pairs of 
the last-formed chambers present wide backward extensions, 
which are short and attach to the previous chamber of the row, 
and in some cases are wider posteriorly and narrower at the 
mid-length; the backward extensions are separated by narrow 
inter-CBE spaces and occasionally are wider anteriorly. 
There are one anterior CBE, which is often the largest, one 
peripheral CBE that is the smallest, and four to eight median 
CBE, which are symmetrically distributed on the two sides 
of the test; therefore, on one lateral side of a chamber there 
are two to four median CBE. In general there is a marked 
decrease in the CBE on a direction for the aperture towards 
the test periphery. Sutures are straight or gently curved in the 
direction of test growth and mostly covered by the backward 
extensions of the subsequently added chamber of the row. Test 
is compressed in edge view, with a slight increase in chamber 
thickness throughout ontogeny, which results in slightly 
divergent lateral sides. Periphery is subangular, and with a 
weakly keeled appearance given by the continuous aspect 
of the peripheral CBE of the successively added chambers. 
Aperture is an elongate opening on the apertural side on 
the last-formed chamber. Periapertural structure is delicate 
and therefore, rarely preserved; there is one asymmetrical 
imperforate rim that borders the aperture on one side and 
extends towards the chamber interior as a short toothplate. 
Test wall is calcitic, hyaline, simple and perforate. Primary 
ornamentation is absent in most of the studied specimens; 
rare scattered domical or elongate pustules with a measured 
diameter or maximum dimension of 0.0035-0.0084 mm can 
occur especially over the weak peripheral keel formed by the 
peripheral CBE. Short costae that can be aligned either parallel 
to the periphery or to the longitudinal axis can occur over 
certain portions of the chambers. Secondary ornamentation 
consists of nodular structures with circular or elliptical 
outline, which occur over the lateral sides of 
the earlier portion of the test; CBE confer the 
test a knitted aspect on the two lateral sides 
of the test. Pores are simple, mostly with a 
circular outline with a measured diameter 
of 0.0028-0.0051 mm; elongate pores that 
do not present a preferential arrangement 
pattern occur rarely.
Remarks. Bolivinoides delicatula is the 
only species of the genus that presents the 
primary ornamentation consisting of short 
longitudinal costae over certain portions of 
the chambers. Another characteristic feature 
is given by the general knitted aspect of 
the test in lateral view. The occurrence of 
one weak peripheral keel resulted from the 
alignment of the peripheral CBE is herein reported for the first 
time; this structure confer a weakly rimmed aspect to the test in 
the peripheral region as seen in lateral view. Notably, in some 
specimens the weak keel may appear undulated in edge view. 
Bolivinoides delicatula is one of the few species of the genus 
that survived the mass extinction event at the Cretaceous/
Paleogene boundary, but no continuous occurrences across 
this boundary were reported; seemingly it was drastically 
affected but recovered shortly afterwards. The extinction of 
this species is in the Paleocene; lower Eocene occurrence 
present corroded and abraded tests, which might indicate 
possible reworking; additional data are necessary to clarify if 
B. delicatula crossed the Paleocene/Eocene boundary.  
Stratigraphical range: Middle Campanian-Paleocene.
Geographical distribution. Mexico, Africa (Egypt, Senegal), 
Asia (Belarus, India, Iran, Kazakhstan, Russia), Caribbean 
Region (Trinidad, Yucatan outer shelf), EU (Czech Republic, 
France, Germany, Italy, Poland, Spain, The Netherlands), 
Ukraine, USA (California, Texas), East Indian Ocean, North 
Atlantic Ocean, and South Atlantic Ocean.
Bolivinoides mirabilis Georgescu, Arz, Macauley, Kukulski, 
Arenillas and Pérez-Rodríguez, 2011
(Figs. 26 and 27)
Synonymy
Bolivinoides mirabilis GeorGescu, arz, macauLey, KuKuLsKi, 
areniLLas and pérez-rodríGuez 2011, p. 115, pl. 1, figs 1-10. 
Bolivinoides ex. gr. B. decorata (Jones). Georgescu et al. 
2011, p. 116, pl. 1, figs 11-12, pl. 2, figs 1-2.  
Diagnosis. Species of Bolivinoides with well-developed CBE 
and the primary ornamentation consisting of pore mounds that 
can be circular or elongate. 
Description. Test consists of proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chambers are low and 
with the elongation axis tilted, forming an acute with the test 
growth axis along a posterior-anterior direction. The chambers 
present a variable rate of size increase through ontogeny, 
which is higher in the earlier stage and lower in adult and 
gerontic individuals; chamber size increase results in a test 
flaring outline in the direction of growth as seen in lateral 
view. The last-formed four to six pairs of chambers present 
well-developed narrow backward extensions, which are 
separated by wide inter-CBE spaces; in general the inter-CBE 
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spaces are wider than the chamber backward extensions. 
For each chamber there are: one apertural CBE, which 
can be the largest in some specimens, one peripheral CBE 
that is the smallest and three to four median CBE, which 
are symmetrically distributed on the two sides of each 
chamber; therefore, there are three to four CBE on each 
lateral side of one chamber, and there is a distinct tendency 
to increase the number from three to four during the 
ontogenetic development. The CBE decrease in size on a 
direction from the aperture to periphery, and the decrease 
rate can be constant or non-linear. Test is compressed 
in edge view, with a low rate of chamber increase in 
thickness. Periphery is subangular to subrounded and 
Fig. 26. Three specimens of Bolivinoides mirabilis Georgescu, 
Arz, Macauley, Kukulski, Arenillas and Pérez-Rodríguez, 2011 
from the lower upper Campanian sediments of New Jersey coastal 
plain (ODP Leg 174AX). 1: specimen designated as holotype from 
Sample 174AX, Sample 435.85-435.86 cm and previously illustrated 
by Georgescu et al. (2011, pl. 1, figs 1-3). 2: specimen designated 
as paratype from Sample 174AX, Sample 435.85-435.86 cm and 
previously illustrated by Georgescu et al. (2011, pl. 1, figs 6-8). 3: 
specimen from Sample 174AX, Sample 435.57-435.58 cm illustrated 
as Bolivinoides ex. gr. B. decorata (Jones) by Georgescu et al. (2011, 
pl. 1, figs 11-12).
Fig. 27. Detail micrographs of the chamber surface (1a, 2-3) and 
periapertural structure (1b) of three specimens of Bolivinoides mirabilis 
Georgescu, Arz, Macauley, Kukulski, Arenillas and Pérez-Rodríguez, 2011 
from the lower upper Campanian sediments of New Jersey coastal plain 
(ODP Leg 174AX). 1a: specimen previously illustrated by Georgescu et 
al. (2011, pl. 1, fig. 5). 1b: specimen previously illustrated by Georgescu 
et al. (2011, pl. 1, fig. 4). 2: specimen previously illustrated by Georgescu 
et al. (2011, pl. 1, fig. 9). 3: specimen previously illustrated by Georgescu 
et al. (2011, pl. 2, fig. 2).
simple, without peripheral structures. Aperture has an elongate 
outline and is situated on the apertural face of the last-formed 
chamber; one pseudosuture between the apertural base and 
the suture between the last-formed and penultimate chambers 
of the test occurs in some specimens. Periapertural structure 
consists of one imperforate rim that borders the aperture on 
one side and extends towards the chamber interior as a short 
toothplate. Test wall is calcitic, hyaline, simple and perforate. 
Primary ornamentation consists of incipient to well-developed 
pore mounds and its characteristics vary considerably through 
ontogeny. In earlier stages the pore mounds have a circular 
outline with a measured diameter of 0.0039-0.0056 mm but in 
the adult stage they can merge and form larger structures with 
irregular outline and gentler slopes. There are no elements of 
secondary ornamentation recognized in this species. In the 
earlier stages of development the pores are circular, with a 
measured diameter of 0.0011-0.0017 mm and more rarely 
elliptical, with a measured maximum dimension of 0.0017-
0.0019 mm; in the adult and gerontic tests most of the pores 
are elliptical, with a measured maximum dimension of 
0.0019-00.42 mm. 
Remarks. The general test aspect and variability of B. mirabilis 
resemble those of B. decorata, including the dominance of 
two test growth stages, which are the juveniles on one hand 
and mature and gerontic on the other, with a small number of 
tests within the intermediate size range. Notably, Georgescu 
et al. (2011) described the two test varieties as B. mirabilis 
new species and B. ex. gr. B. decorata; this interpretation 
is corrected herein and the two are considered conspecific. 
Bolivinoides mirabilis differs from B. culverensis mainly by 
having narrower and more prominent CBE that are separated 
by wider inter-CBE spaces. It differs from B. elongatoporosa 
especially by having the primary ornamentation without 
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well-developed and elliptical pore mounds and pores 
that are not slit-like, but with a circular and/or elliptical 
outline. The pore mounded primary ornamentation 
in B. mirabilis differentiates this species from B. 
decorata, where the primary ornamentation is 
completely absent; in contrast, B. mirabilis lacks the 
secondary ornamentation, which occurs on the two 
lateral sides of the test earlier portion in B. decorata. 
Stratigraphical range: Lower upper Campanian.
Geographical distribution. USA (New Jersey). 
Bolivinoides miliaris Hiltermann and Koch, 1950
(Figs. 28 and 29)
Synonymy
Bolivinoides decorata (Jones). Cushman 1933, pl. 26, 
fig. 18. Cushman 1946, p. 113, pl. 48, figs 8-9. 
Fig. 28. Two specimens of Bolivinoides miliaris Hiltermann and Koch, 1950 
from the upper upper Campanian of the surroundings of Lüneburg (Germany); 
both specimens are from the McGugan Collection, University of Calgary.
Fig. 29. Detail micrographs of one specimen of Bolivinoides miliaris Hiltermann 
and Koch, 1950 from the upper upper Campanian of the surroundings of Lüneburg 
(Germany) showing the secondary ornamentation on the earlier portion of the 
lateral side (1a), porosity on the apertural face of the penultimate chamber 
(1b) and peripheral weak keel (1c); specimen from the McGugan Collection, 
University of Calgary.
Bolivinoides decorata (Jones) forma typica. Marie 1941, p. 
188, pl. 29, fig. 279.  
Bolivinoides trinitatensis Cushman and Jarvis. Kikoïne 1948, 
p. 22, pl. 2, fig. 2. 
Bolivinoides draco miliaris hiLTermann and Koch 1950, p. 
604, figs 2-4 (26, 32-34, 39-41, 46-48) 5 (39).
Bolivinoides draco miliaris Hiltermann and Koch. Sigal 1952, 
pl. 17, fig. 2. Pożaryska 1954, p. 254, fig. 4. Reiss 1954, p. 
155, pl. 28, figs 9-12, 14. Bieda 1958, p. 44, fig. 14. Witwicka 
1958, p. 200, pl. 9, fig. 11. Ansary et al. 1962, pl. 4. Hiltermann 
and Koch 1962, p. 317, pl. 46, fig. 9. Hiltermann 1963, pl. 4, 
figs 21-23. Küpper 1963, p. 609, pl. 1, fig. 8. Van Hinte 1963, 
p. 106, pl. 13, figs 7-8. Beckmann and Koch 1964, p. 44, pl. 
6, figs 21-23. Cati 1964, p. 239, pl. 38, fig. 18. Barr 1966a, 
p. 234, pl. 35, figs 4-5. Medizza 1967, p. 24, pl. 2, fig. 4. 
Scheibnerová 1968, p. 52, text-fig. 8. Sliter 1968, p. 89, pl. 13, 
fig. 1. Ansary and Tewfik 1969, pl. 2, fig. 2. McGugan 1974, 
pl. 1, fig. 4. Koch 1977, p. 56, pl. 12, fig. 4. Swiecicki 1980, 
p. 165, pl. 5, figs 20-22. Dailey 1983, pl. 2, fig. 9. Busulini et 
al. 1984, fig. 5: j. Schönfeld 1990, p. 84, pl. 3, fig. 11. Bolli et 
al. 1994, p. 130, fig. 35: 2. Ayyad et al. 1997, fig. 8: k. Frenzel 
2000, p. 140, pl. 25, figs 10-11. Ismail 2002, pl. 2, figs 1-2. El-
Nady 2006, p. 678, pl. 1, fig. 15. Ohmert 2011, pl. 3, fig. 21. 
Bolivinoides decoratus decoratus (Jones). Frizzell 1954, p. 
111, pl. 16, fig. 17. 
Bolivinoides miliaris Hiltermann and Koch. Hofker 1957a, 
fig 322: a-b. Vassilenko 1961, p. 200, pl. 40, fig. 4, pl. 41, 
fig. 1. Van Hinte 1967, pl. 1, fig. 4. Barr 1970, p. 650, pl. 
99, fig. 1. Govindan 1977, p. 472, text-fig. 10: h, l-m. Petters 
1977, p. 1034, pl. 1, fig. 3. Gawor-Biedowa 1984, pl. 1, fig. 2. 
Liszkowa and Morgiel 1985, pl. 2, fig. 3. Hart et al. 1989, p. 
324, pl. 7.5, fig. 3. Gawor-Biedowa 1992, p. 103, pl. 20, fig. 6. 
Hewaidy and El Ashwah 1993, pl. 4, fig. 13. Campbell et al., 
2004, fig. 14: J-K. Anan 2011b, p. 138, pl. 1, fig. 7. 
Bolivinoides peterssoni Brotzen. Witwicka 1958, p. 199, 
pl. 9, fig. 11. 
Bolivinoides cf. rhomboidea (Cushman). Beckmann 
1960, p. 62, fig. 10. 
Bolivinoides draco verrucosus becKmann and Koch 
1964, p. 46, pl. 16, figs 16-20.
Bolivinoides draco verucosus Beckmann and Koch. 
Medizza 1967, p. 25, pl. 1, fig. 15, pl. 2, fig. 8. Bolli et 
al. 1994, p. 130, fig. 35: 3. 
Intermediate form between Bolivinoides miliaris and 
B. decoratus. Van Hinte 1967, pl. 1, fig. 1. 
Bolivinoides draco draco (Marsson). Keller 1988, pl. 
1, figs 10-11. 
Bolivinoides cf. draco (Marsson). Bless et al. 1990, 
fig. 5: c. 
Bolivinoides praemiliaris Rexilius. Campbell et al., 
2004, fig. 14: L-M (nomen nudum). 
Bolivinoides intermedius dubicKa and peryT 2016, p. 
82, figs 5: 5-9, 6: 1-4. 
Transitional form between Bolivinoides intermedius 
and B. draco. Dubicka and Peryt 2016, fig. 6: 5. 
Bolivinoides intermedius Dubicka and Peryt. Dubicka 
in Walaszczyk et al. 2016, text-fig. 5: 6.
Diagnosis. Species of Bolivinoides with a weak 
peripheral keel, smooth chamber surface and 
secondary ornamentation well-developed over the 
most surface of the lateral sides. 
Description. Test consists of the proloculus followed 
by chambers alternately added with respect to the 
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growth axis forming a biserial arrangement. Chambers are 
low and their elongation axis forms an acute angle with 
the test growth axis along a posterior-anterior direction. 
Chambers increase in size throughout ontogeny, resulting 
in a test with flaring aspect in the direction of growth and 
distinct rhomboidal outline in edge view. The last-formed five 
or six pairs of chambers present narrow backward extensions 
separated by wide inter-CBE spaces; the backward extensions 
are relatively short, extend and attach to the previous chamber 
of the row, and occasionally are fused with similar structures 
of the previous chambers forming longer such structures with 
a continuous aspect. Each chamber presents several backward 
extensions as follows: one apertural CBE, which occasionally 
can be the largest, one peripheral CBE that is the smallest 
and six to eight median CBE, which are symmetrically 
distributed on the two chamber lateral sides; therefore, 
there are three to more frequently four CBE on one lateral 
side of a chamber. The median CBE present a well-marked 
decrease in size on a direction from the aperture towards the 
periphery, and frequently the M1 CBE is the largest of the 
backward extensions of one chamber. Sutures are straight or 
gently curved in the direction of growth and often obscured 
by the subsequently added chambers. Test is compressed 
in edge view, and chambers present a marked increase in 
thickness through ontogeny. Periphery is subangular to 
angular, with a weak keel formed by the peripheral CBE of 
the subsequently added chambers; the weak keel can have a 
continuous appearance in the portion of the earlier chambers 
of some specimens. Aperture has an elongate shape, with the 
longer axis corresponding to that of the respective chamber 
elongation; a prominent transversal wall inflexion can occur 
on the apertural face between the aperture base and suture 
between the last-formed and penultimate chambers of the test. 
Periapertural structure consists of one imperforate peripheral 
rim that borders the aperture on one side and extends towards 
the chamber interior as a short toothplate. Test wall is calcitic, 
hyaline and perforate. Primary ornamentation is completely 
absent in the representatives of this species. Secondary 
ornamentation consists of vestigial CBE with circular or 
elongate outline, which occur over 75% of the posterior part of 
the lateral sides of the test; the vestigial structures are aligned 
and form two ridges with discontinuous aspect, one on each 
side of the test growth axis on both lateral sides of the test. 
The weak peripheral keel is also a structure pertaining of the 
secondary ornamentation. Pores have a circular outline with 
a measured diameter of 0.0005-0.0016 mm; elongate pores 
that do not present a preferential alignment and/or pores with 
irregular outline are extremely rare. Test wall ultrastructure is 
simple or incipiently simple-ridged, one feature that can be 
observed especially on the apertural face of the last-formed 
chamber of well-preserved specimens. 
Remarks. Bolivinoides miliaris differs from B. decorata 
mainly by the angular periphery that bears a weak keel and 
secondary ornamentation, which is developed over most of the 
test lateral sides; in addition, the two ridges with discontinuous 
aspect developed on the two lateral sides symmetrically 
with respect to the test growth axis are more evident and 
prominent in the former species when compared to the latter. 
The chamber increase in thickness is at a higher rate in B. 
miliaris when compared to B. decoratus. Bolivinoides draco 
verrucosus described by Beckmann and Koch (1964) and B. 
intermedius of Dubicka and Peryt (2016) are based on small 
magnitude morphological differences and fit within the range 
of variability of B. miliaris; therefore, they are considered 
junior synonyms of this species. 
Stratigraphical range: Upper upper Campanian-lower 
Maastrichtian. 
Geographical distribution. EU (Austria, Belgium, Czech 
Republic, France, Germany, Italy, Slovakia, The Netherlands), 
Africa (Egypt, Libya, Tunisia), Asia (India, Kazakhstan), 
Caribbean Region (Trinidad), South America (Chile), UK 
(England, Northern Ireland), USA (California, New Jersey, 
Texas), and East Indian Ocean.
Bolivinoides sidestrandensis Barr, 1966a
(Figs. 30 and 31)
Synonymy
Bolivinoides curtus Reiss. Said and Kenawy 1956, p. 140, pl. 
3, fig. 43. 
Bolivinoides sidestrandensis barr 1966a, p. 239, pl. 34, figs 
10-11, pl. 36, figs 6, 9, pl. 37, fig. 6. 
Bolivinoides sidestrandensis Barr. Sliter 1977b, pl. 5, fig. 4. 
Swiecicki 1980, p. 187, pl. 14, fig. 14. Hart et al. 1989, p. 324, 
pl. 7.5, fig. 7. Peryt 2000, pl. 1, fig. 4. 
Fig. 30. Two specimens of Bolivinoides sidestrandensis Barr, 
1966a from the lower Maastrichtian of the surroundings of 
Norfolk (UK, England); both specimens are from the McGugan 
Collection, University of Calgary.
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Fig. 31. Detail micrographs of two specimens of Bolivinoides sidestrandensis Barr, 1966a from 
the lower Maastrichtian of the surroundings of Norfolk (UK, England) showing the smooth 
chamber surface and CBE in the adult portion of the test (1a) and peripheral region (1b, 2); 
both specimens are from the McGugan Collection, University of Calgary.
Diagnosis. Species of Bolivinoides with well-developed 
narrow CBE separated by narrow inter-CBE spaces, and 
smooth chamber surface. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. In lateral view the 
chambers are elongate, with the elongation axis tilted and 
forming an acute angle with the test growth axis along a 
posterior-anterior direction. Chambers increase in size as 
added through ontogeny, resulting in a test with flaring aspect 
as seen in lateral view; the last-formed four to five pairs of 
chambers present relatively narrow and short backward 
extensions, which are separated by narrower inter-CBE spaces 
and attach to the previous chamber of the row. There are 
several types of CBE, as follows: one apertural CBE, which 
is the largest one in most of the specimens, one peripheral 
CBE that is the smallest and six to ten median CBE, which 
are symmetrically arranged on the two lateral sides of the test; 
therefore, there are three to five median CBE on each lateral 
side of one chamber. There a distinct trend of increasing the 
number of median CBE in ontogeny. In all chambers, the 
median CBE decrease in size on a direction from the aperture 
to periphery, and in rare specimen the M1 CBE is slightly 
larger than the apertural CBE. Sutures are straight or slightly 
curved in the direction of growth, and are often obscured by 
the backward extensions of the subsequently added chambers 
in a row. Test is distinctly compressed in edge view, with 
nearly parallel lateral sides in the adult stage or with a slow 
increase in chamber thickness. Periphery is subrounded and 
simple, without peripheral structures. Aperture is situated 
on the apertural side and has an elongate outline, with the 
elongation axis superimposed over the chamber elongation 
axis as seen in edge view; the aperture does not come in contact 
with the suture between the last-formed two chambers of the 
test. Periapertural structure consists of one thin imperforate 
rim that is rarely preserved, which borders the aperture on 
one side and extends towards the chamber interior as a short 
toothplate. Test wall is calcitic, hyaline, simple and perforate. 
Chamber surface lacks primary ornamentation and therefore, 
has a smooth aspect. The secondary ornamentation consists of 
two ridges parallel to the test growth axis consisting of loosely 
aligned CBE and developed over the earlier two thirds of the 
lateral sides of the test. Pores have mostly a circular outline, 
more rarely elongate or irregular, and with a measured 
diameter and/or maximum dimension 
of 0.0003-0.0008 mm.
Remarks. Bolivinoides sidestrandensis 
presents considerable morphological 
resemblances with B. decorata of which 
it differs mainly by having more CBE 
especially on the last-formed chambers 
of the test and more prominent 
secondary ornamentation that consists 
of two weak ridges consisting of loosely 
aligned CBE parallel to the test growth 
axis. 
Stratigraphical range: Upper upper 
Campanian-lower Maastrichtian. 
Geographical distribution. UK 
(England), Africa (Egypt), and EU 
(France, Poland). 
Bolivinoides peterssoni Brotzen, 1944
(Fig. 32)
Synonymy.
Bolivinoides peterssoni broTzen 1944, p. 49, pl. 1, fig. 10. 
Bolivinoides peterssoni Brotzen. Wicher 1953, fig. 1: 3. 
Pożaryska 1954, p. 256, fig. 8. Reiss 1954, p. 157, pl. 30, 
figs 12-14. Bettenstaedt and Wicher 1955, pl. 2, fig. 17. 
Hiltermann and Koch 1955, p. 366, pl. 28, figs 7-8. Hofker 
1956a, p. 69, fig. 44. Hofker 1956b, fig. 27. Hofker 1957, 
p. 253, figs 305 (a-b, d), 312. Hofker 1960b, figs 8-9. 
Vassilenko 1961, p. 198, pl. 40, fig. 8. Hiltermann 1963, pl. 2, 
figs 1-3. Cati 1964, p. 240, pl. 38, fig. 19. Kiesel and Trümper 
1965, p. 157, pl. 12, figs 5-6. Pringgoprawiro 1965, p. 35, pl. 
7, fig. 1. Barr 1966a, p. 238, pl. 38, fig. 6. Plotnikova 1967, 
p. 95, pl. 15, fig. 5. Stenestad 1968, pl. 2, fig. 2. Barr 1970, 
p. 650, pl. 99, fig. 6. Al-Shaibani 1971, p. 109, pl. 3, fig. 1. 
Koch 1977, p. 59, pl. 13, fig. 6. Rozumeiko 1978, p. 137, pl. 
20, fig. 5. Kaptarenko-Chernousova et al. 1979, p. 146, pl. 
55, fig. 16. Swiecicki 1980, p. 183, pl. 6, fig. 11. Hart et al. 
1989, p. 324, pl. 7.5, fig. 5. Schönfeld 1990, p. 82, pl. 3, figs 
3-4. Gawor-Biedowa 1992, p. p. 105, pl. 19, fig. 9. Hewaidy 
and El Ashwah 1993, pl. 4, fig. 15. Frenzel 2000, p. 143, pl. 
24, figs 11-15. El-Nady 2006, p. 679, pl. 1, figs 20-21. Anan 
2011b, p. 138, pl. 1, fig. 10. Georgescu 2012, pl. 1, figs 19-20. 
Dubicka and Peryt 2016, p. 87, fig. 10: 2-5. 
Bolivinoides compressa reiss 1954, p. 156, pl. 30, figs 1-3. 
Bolivinoides compressa Reiss. Hofker 1956a, p70, fig. 45. 
Goel 1965, p. 82, pl. 7, fig. 16. 
Bolivinoides draco miliaris Hiltermann and Koch. Said and 
Kenawy 1956, p. 140, pl. 3, fig. 40. 
Bolivinoides mielnicensis bieda 1958, p. 35, fig. 8. 
Bolivinoides delicatula Cushman. Goel 1965, p. 81, pl. 7, fig. 12. 
Bolivinoides cf. peterssoni Brotzen. McGugan 1974, pl. 1, fig. 5. 
Bolivinoides mielnicensis Bieda. Gawor-Biedowa 1992, p. 
103, pl. 20, fig. 2. 
Bolivinoides decoratus (Jones). Hofmann et al. 1999, pl. 1, 
fig. 16. Jaff et al. 2014, pl. 1, figs 3-5, 7-9, pl. 2, figs 1-5.
Bolivinoides paleocenicus Brotzen. Anan 2011b, p. 138, pl. 1, 
fig. 9. Beniamovsky et al. 2012, pl. 3, fig. 24. 
Bolivinoides zikoi anan 2011b, p. 140, pl. 1, fig. 11.
Diagnosis. Species of Bolivinoides with smooth chamber 
surface and a relatively wide peripheral rim on the lateral side. 
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Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chambers are low, 
with the elongation axis tilted and forming an acute angle 
with the test growth axis. Chambers increase in size as 
added through the ontogenetic development resulting in 
a flaring outline as the test is seen in lateral view. The last-
formed four to six pairs of chambers present relatively wide 
backward extensions separated by narrow inter-CBE spaces; 
the backward extensions are short and attach to the previous 
chamber of the row. One chamber presents different types of 
backward extensions, as follows: one apertural CBE, which 
only in rare specimens is the largest, one peripheral CBE that 
is well-developed and attached to the previous such structures 
conferring the peripheral region a continuous appearance, and 
four to six median CBE, which are symmetrically arranged 
on the two lateral sides of the test; therefore, there are two to 
three median CBE on one lateral side of each chamber. There 
is a distinct tendency to increase the number of median CBE 
through the ontogeny; the M1 CBE is the largest in most of 
the specimens. Sutures are straight or gently curved in the 
direction of growth and mostly obscured by the backward 
extensions of the successively added chambers of the row. 
Test is compressed in edge view, with the chambers presenting 
a low rate of size increase in thickness and as a result, the two 
lateral sides may appear almost parallel or slightly divergent 
anteriorly. Periphery is subrounded to subangular and simple, 
without peripheral structures; the merged peripheral CBE form 
a wide and smooth rim-like structure at the periphery, which 
is visible in the two lateral views, and is interrupted only by 
the proloculus that has a bulbous appearance. Aperture has 
an elongate shape and is situated on the apertural face of the 
last-formed chamber; its axis of elongations matches that of 
chamber elongation as see in edge view. Periapertural structure 
consists if one imperforate peripheral rim that borders the 
aperture on one side and extends towards the chamber interior 
as a short toothplate. Test wall is calcitic, hyaline, simple and 
perforate. Chamber surface is smooth due to the absence of 
primary ornamentation. Secondary ornamentation consists 
of two closely-spaced or adjacent longitudinal ridges, one on 
each side of the test growth axis; the ridges are developed 
on the two lateral sides in the posterior one third to one half 
of the test length and are formed up by loosely aligned CBE 
that can fuse in some specimens. Pores are simple, mostly 
with a circular outline, extremely rarely elliptical or irregular 
in shape, and a measured diameter or maximum dimension 
respectively of 0.0003-0.0010 mm. 
Remarks. Bolivinoides peterssoni differs from B. laevigatus 
mainly by having larger peripheral CBE that merge to form 
a rim-like structure, which in some specimens presents a 
considerable width, at the test peripheral region as seen in 
lateral views. Notably, the weak indentations that can be 
observed in lateral view at the periphery of some specimens 
are given by the junction between the peripheral CBE and 
previous chamber of the row. The wide rim-like structure 
visible in lateral views is the main feature that differentiates 
this species of B. decorata, in which is absent. 
Stratigraphical range: Upper upper Campanian-Maastrichtian. 
This species became extinct at the Cretaceous/Paleogene 
boundary.
Geographical distribution. EU (Austria, Belgium, Denmark, 
France, Germany, Italy, Poland, Sweden, The Netherlands), 
Africa (Egypt, Libya), Asia (Kazakhstan, Russia), Middle East 
(Iraq, Israel), UK (England, Northern Ireland), and Ukraine. 
Bolivinoides australis Edgell, 1954
(Figs. 33 and 34)
Synonymy
Bolivinoides decorata (Jones). Dampel 1934, p. 13, pl. 1, fig. 10. 
Bolivinoides decorata delicatula Cushman. Kikoïne 1948, p. 
21, pl. 1, fig. 10. 
Bolivinoides decoratus (Jones). Hofker 1952, fig. 3. Sacal and 
Debourle 1957, p. 14, pl. 3, fig. 21. Rasheed and Ravindran 
1980, p. 206, pl. 1, figs 1-4. Khalil 1998, fig. 8: 9. 
Bolivinoides decorata australis edGeLL 1954, p. 71, pl. 13, 
figs 5-6, pl. 14, figs 5-6. 
Bolivinoides australis Edgell. Hofker 1955, fig. d. Edgell. 
Hofker 1956b, figs 40-41. Hofker 1958a, pl. 1, figs 11-17, 
pl. 2, figs 18-23. Hofker 1958b, fig. 1. Hofker 1958c, pl. 6, 
figs 34-35. Hofker 1960a, fig. 8. Goel 1965, p. 82, pl. 7, figs 
14-15. Barr 1966a, p. 238, pl. 34, fig. 1. Hofker 1966, pl. 10, 
figs 79-86, pl. 13, figs 37-42.  Neagu 1979, pl. 53, figs 33-
34. Robaszynski et al. 1985, pl. 6, figs 3-6. Robaszynski and 
Christensen 1989, pl. 2, figs 5-9. Bless et al. 1990, fig. 5: k. 
Felder and Bless 1993, fig. 6: S-W. Witte and Schuumann 
1996, pl. 1, fig. 15. Frenzel 2000, p. 135, pl. 25, figs 7-9. 
Campbell et al., 2004, fig 14: F-G. Jaff et al. 2014, pl. 1, 
figs 1-2. 
Fig. 32. Three specimens of Bolivinoides peterssoni Brotzen, 
1944 from the lower lower Maastrichtian of the surroundings of 
Lüneburg (Germany) (1-2) and lower Maastrichtian of the Rügen 
Island (Germany) (3). 1-2: specimens from the McGugan Collection, 
University of Calgary. 3: specimen from the C.G. Ehrenberg 
Collection (Museum of Natural History, Berlin), Sample 2404a, 
which was previously illustrated by Georgescu (2012, pl. 1, fig. 19-20).
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Fig. 33. Two specimens of Bolivinoides australis Edgell, 1954 
from upper upper Campanian of the surroundings of Lüneburg 
(Germany); both specimens are from the McGugan Collection, 
University of Calgary.
Bolivinoides decorata australis Edgell. Bieda 1958, p. 33, fig. 
7. McGugan 1974, pl. 1, fig. 2. 
Bolivinoides cf. doreeni Finlay. Bieda 1958, p. 39, fig. 11.
Bolivinoides decoratus australis Edgell. Hiltermann 1963, 
pl. pl. 4, fig. 7. Mello 1969, p. 73, pl. 8, fig. 8. McNeil and 
Caldwell 1981, p. 229, pl. 18, fig. 7. 
Bolivinoides decoratus delicatulus Cushman. Pringgoprawiro 
1965, p. 34, pl. 7, fig. 2. 
Bolivinoides giganteus Hiltermann and Koch. Stenestad 1968, 
pl. 2, fig. 1. 
Bolivinoides miliaris Hiltermann and Koch. Salaj and 
Maamouri 1982, pl. 4, fig. 8. Dubicka and Peryt 2016, p. 82, 
fig. 5: 1-4. 
Bolivinoides cf. australis Edgell. Tronchetti 2001, pl. 4, fig. 6. 
Bolivinoides draco (Marsson). Wicher 1949, p. 85, pl. 5, fig. 
7. Omaña 2006, fig. 4: 9. 
Fig. 34. Detail micrographs of one specimen of Bolivinoides australis Edgell, 1954 
from upper upper Campanian of the surroundings of Lüneburg (Germany) showing 
the CBE of the penultimate chamber (1a) and secondary ornamentation on one 
lateral side of the test (1b); specimen from the McGugan Collection, University 
of Calgary.
Bolivinoides giganteus Hiltermann and Koch. Dubicka and 
Peryt 2011, fig. 5: O. Dubicka and Peryt 2016, fig. 7: 5. 
Diagnosis. Species of Bolivinoides with secondary 
ornamentation structures on the lateral sides forming a 
V-shaped pattern with the cusp opening in the direction 
of growth. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis forming a biserial arrangement. Chambers are elongate 
and low, with the elongation axis tilted and forming an acute 
angle with the test growth axis. Chambers increase in size as 
added throughout ontogeny, resulting in a flaring aspect of 
the test as seen in lateral view. The last-formed six to seven 
pairs of chambers present narrow backward extensions that 
attach to the previous chamber of the row and are separated by 
wide inter-CBE spaces. Each chamber presents different types 
of CBE, as follows: one apertural CBE, which is the largest 
amongst them, one peripheral CBE that is the smallest and 
ten to twelve median CBE that are symmetrically arranged 
on the two lateral sides of one chamber; therefore there are 
five to six median CBE on one lateral side of one chamber. 
The backward extensions of one chamber decrease in size 
on a direction from the aperture towards periphery. Sutures 
are straight or gently curved in the direction of growth, often 
obscured by the successively added chamber of the row 
and its backward extensions. Test is compressed in edge 
view, with the chambers presenting a slow but constant size 
increase resulting in slightly divergent lateral sides. Periphery 
is subangular and simple, without peripheral structures; in 
general it has a nodular and discontinuous appearance due to 
the peripheral CBE of the successively added chambers, which 
are not fused. Aperture is elongate and situated on the apertural 
face of the last-formed chamber; the aperture elongation axis 
matches the longest elongation axis of the chamber on which 
is situated. Periapertural structure consists of one delicate 
imperforate lip, which is rarely preserved; it borders the 
aperture on one side and extends towards the chamber interior 
as a short toothplate. Test wall is calcitic, hyaline, simple 
and perforate. Primary ornamentation is completely absent. 
Secondary ornamentation consists of interrupted CBE, which 
consists of structures with circular and elongate outline, is 
developed almost all over the test lateral sides except for 
the portion of the last two added chambers; the structures 
of secondary ornamentation are isolated, rarely fuse and 
form a more or less well-defined V-shaped pattern with the 
cusp opening in the growth direction. Pores are 
mostly circular and rarely present an elongate or 
irregular outline, and present a measured diameter 
or maximum dimension respectively of 0.0003-
0.0009 mm. 
Remarks. The secondary ornamentation consisting 
of circular and elongate structures that form a 
V-shaped pattern with the cusp opening in the 
direction of growth is a characteristic of this B. 
australis; this arrangement presents a considerable 
intra-specific variability. 
Stratigraphical range: Uppermost upper 
Campanian-lower Maastrichtian.
Geographical distribution. Australia, Africa 
(Egypt, Tunisia), Asia (Kazakhstan, India), 
Canada (Manitoba), EU (Austria, Belgium, 
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Denmark, France, Germany, Poland, The 
Netherlands), Mexico, Middle East (Iraq), UK 
(England, Northern Ireland), USA (California, 
South Dakota), and East Indian Ocean.  
Bolivinoides gigantea Hiltermann  
and Koch, 1950
(Figs. 35 and 36)
Synonymy
Bolivinoides decorata (Jones). Cushman 1944, 
p. 10, pl. 2, fig. 23. 
Bolivinoides decorata gigantea hiLTermann and 
Koch 1950, p. 610, figs 2-4 (49-51, 55-57, 61-
63), 5 (50). 
Bolivinoides decorata gigantea Hiltermann 
Fig. 35. Two specimens of Bolivinoides gigantea Hiltermann and 
Koch, 1950 from uppermost Maastrichtian from the surroundings 
of Mariager (Denmark); both specimens are from the McGugan 
Collection, University of Calgary.
Fig. 36. Detail micrographs of two specimens of Bolivinoides gigantea Hiltermann 
and Koch, 1950 from uppermost Maastrichtian from the surroundings of Mariager 
(Denmark) showing the secondary ornamentation on one lateral side of the test (1) 
and porosity of the penultimate chamber (2); both specimens are from the McGugan 
Collection, University of Calgary.
and Koch. Edgell 1954, p. 72, pl. 13, fig. 4, pl. 14, fig. 4. 
Pożaryska 1954, p. 255, fig. 6. 
Bolivinoides gigantea Hiltermann and Koch. Hofker 1955, 
fig. c. Hofker 1956a, p. 69, fig. 49. Hofker 1956b, fig. 63. 
Hofker 1957, fig. 320: a-b. Hofker 1958a, pl. 2, figs 24-27. 
Hofker 1958b, fig. 1. Hofker 1960a, fig. 7. Hofker 1960b, figs 
12-14. Hofker 1960c, fig. 1. Hofker 1962, text-fig. 9. Hofker 
1966, pl. 18, fig. 13. Neagu 1979, pl. 53, figs 35-37. 
Bolivinoides senonicus yeremeyeVa 1957, p. 12, pl. 1, fig. 8. 
Bolivinoides giganteus Hiltermann and Koch. Vassilenko 
1961, p. 192, pl. 40, fig. 1. Barr 1970, p. 647, pl. 99, figs 
4-5. Petters 1977, p. 1032, pl. 1, fig. 6. Gawor-Biedowa 1984, 
pl. 1, fig. 3. Bless et al. 1990, fig. 5: a-b, d. Gawor-Biedowa 
1992, p. 102, pl. 20, fig. 7. Khalil 1998, fig. 8: 5. Howe et al. 
2003, pl. 8, figs 35-36. Anan 2011a, p. 301, pl. 1, fig. 6. Anan 
2011b, p. 137, pl. 1, fig. 6. Dubicka and Peryt 2016, p. 84, 
fig. 7: 6. 
Bolivinoides senonicus Yeremeyeva. Yeremeyeva and 
Belousova 1961, p. 86, pl. 24, fig. 7.
Bolivinoides decoratus giganteus Hiltermann and Koch. 
Hiltermann and Koch 1962, p. 315, pl. 46, fig. 8. Hiltermann 
1963, pl. 4, figs 1-5. Kiesel and Trümper 1965, p. 157, pl. 
12, fig. 7. Medizza 1967, p. 22, pl. 1, figs 12-14. Hanzliková 
1969, p. 31, pl. 5, fig. 9. Hanzliková 1972, p. 81, pl. 18, fig. 
14. Koch 1977, p. 63, pl. 12, fig. 1. Salaj 1988, pl. 1, fig. 15. 
Frenzel 2000, p. p. 137, pl. 25, fig. 6. Naidin and Beniamovski 
2006, pl. 3, fig. 14. Ohmert 2011, pl. 3, fig. 20. 
Bolivinoides ellipsodecorata GoeL 1965, p. 81, pl. 7, fig. 13. 
Bolivinoides draco miliaris Hiltermann and Koch. Nestler 
1982, fig. 23. Schönfeld 1990, p. 84, pl. 3, fig. 10. Khalil 
1998, fig. 8: 2, 8. Ismail 2012, p. 38, pl. 3, fig. 7. 
Bolivinoides decoratus (Jones). Loeblich and Tappan 1987, 
pl. 551, figs 8-9. 
Bolivinoides draco draco (Marsson). Ismail 2012, p. 38, 
pl. 3, fig. 6. 
Transitional form between Bolivinoides intermedius and B. 
giganteus. Dubicka and Peryt 2016, fig. 7: 1-2.
Diagnosis. Large-sized species of Bolivinoides with the CBE 
of the successive chambers of one row in continuity forming 
long secondary ornamentation structures.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chambers are low 
and elongate, with the elongation axis tilted and forming an 
acute angle with the test growth axis along a posterior-anterior 
direction. Chambers increase in size as added throughout 
the ontogenetic development, resulting in a test with 
flaring aspect as seen in lateral view; chamber rate of size 
increase is constant. The last-formed five to six pairs of last-
formed chambers present well-developed narrow backward 
extensions that attach to the previous chamber of the row and 
are separated by wide inter-CBE spaces; frequently they attach 
to the backward extensions of the previous chamber of the 
row, forming elongate ridge-like structures with continuous 
appearance that can run to the central portion of the test lateral 
sides. There are different types of backward extensions, as 
follows: one apertural CBE of medium size, one peripheral 
CBE that is the smallest and ten to fourteen median CBE, 
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which are symmetrically arranged on the two lateral 
sides of one chamber; therefore, there are five to 
seven median CBE on one lateral side of one chamber. 
There is a distinct decrease in the median CBE of one 
chamber on a direction from the aperture to periphery; 
the increase in the number of median CBE through 
the ontogenetic development is another distinct trend 
in the individuals of this species. The M1 CBE is the 
largest of the backward extensions of one chamber. 
Test is compressed in edge view, commonly with the 
two lateral sides nearly parallel in the adult portion of 
the test; there is a slow increase in the rate of chamber 
increase in thickness. Periphery is angular, with a weak 
keel that has a nodular or interrupted appearance that 
confers this species a weakly keeled aspect; the weak 
keel can be observed in the lateral views as narrow 
rim-like structures at the periphery. Aperture has an 
elongate shape and is situated on the apertural side 
of the last-formed chamber; the aperture elongation 
axis corresponds to that of the chamber. Periapertural 
structure consists of one delicate imperforate rim, 
which is rarely preserved; the rim borders the aperture 
on one side and extends towards the chamber interior 
as a short toothplate. Test wall is calcitic, hyaline, 
simple and perforate. Primary ornamentation is 
completely absent and therefore, the chamber surface 
appears smooth. Secondary ornamentation consists of 
vestigial CBE that occur as structures with circular or 
elongate outline in the posterior third of the test lateral 
sides; the weak peripheral keel is also a structure that 
pertains of secondary ornamentation for it results 
from the alignment and overlapping of the peripheral 
CBE. Pores are simple, with a circular and more 
rarely irregular and elongate outline, and a measured 
diameter or maximum dimension of 0.0006-0.0013 
mm; the backward extension surface of the last-
formed chambers can lack porosity.
Remarks. Bolivinoides gigantea is the largest species 
of this genus. It differs from B. miliaris mainly 
by having the secondary ornamentation structures 
Fig. 37. Two specimens of Bolivinoides draco (Marsson, 1878) from the lower 
Maastrichtian of the Rügen Island (Germany) (1) and upper Maastrichtian 
of the North Atlantic Ocean (Orphan Knoll) (1). 1: specimen from the C.G. 
Ehrenberg Collection (Museum of Natural History, Berlin), Sample 2404a. 2: 
specimen from Sample 12-111A-11-6, 116-117 cm.
Fig. 38. Detail micrographs of one specimen of Bolivinoides draco (Marsson, 
1878) from the lower Maastrichtian of the Rügen Island (Germany) showing the 
secondary ornamentation (1a, 1c) and peripheral keel (1b); specimen from the 
C.G. Ehrenberg Collection (Museum of Natural History, Berlin), Sample 2404a.
restricted to the posterior third of the test lateral sides, a higher 
degree of alignment of the CBE of the successively added 
chambers in one row and a slightly higher number of median 
CBE in the last-formed chamber (five to seven median rather 
than five to six). In general the separation between the two 
taxa requires observations carried out on large numbers of 
specimens. 
Stratigraphical range: Maastrichtian.
Geographical distribution. EU (Belgium, Czech Republic, 
Denmark, France, Germany, Italy, Poland, The Netherlands), 
Africa (Egypt, Libya, Tunisia), Asia (Kazakhstan, Russia), 
Australia, USA (New Jersey, Texas), East Indian Ocean, and 
North Atlantic Ocean.  
Bolivinoides draco (Marsson, 1878)
(Figs. 37 and 38)
Synonymy
Bolivina draco marsson 1878, p. 157, pl. 3, fig. 25. 
Bolivina draco Marsson. Egger 1899, p. 47, pl. 16, figs 14-16. 
Franke 1928, p. 151, pl. 14, fig. 2. 
Bolivina rhomboidea cushman 1926a, p. 19, pl. 2, fig. 3.
Bolivinoides rhomboidea (Cushman). Cushman 1927c, p. 
158, pl. 28, fig. 12. Dampel 1934, p. 14, pl. 1, fig. 9. Cushman 
1946, p. 113, pl. 48, fig. 15. Wicher 1949, p. 85, pl. 5, fig. 6, 
fig. 7. 
Bolivinoides rhomboidalis (Cushman). Cushman 1927b, pl. 
13, fig. 6. Cushman 1950, pl. 21, fig. 9. 
Bolivinoides draco (Marsson). White 1929, p. 45, pl. 5, fig. 
2. Galloway 1933, pl. 32, fig. 11. Kikoïne 1948, p. 21, pl. 2, 
fig. 1. Hofker 1957, fig. 321: a-b. Montanaro Gallitelli 1957, 
p. 145, pl. 33, figs 14-16. Sacal and Debourle 1957, p. 14, 
pl. 3, fig. 18. Eternod Olvera 1959, p. 80, pl. 2, figs 10, 12. 
Bykova 1959, fig. 1: 3. Maslakova 1959, p. 115, pl. 14, figs 
7-8. Rauzer-Chernousova and Fursenko 1959, fig. 835A. 
Vassilenko 1961, p. 201, pl. 41, fig. 2. Kavary and Frizzell 
1963, p. 29, pl. 3, fig. 30. Loeblich and Tappan 1964, fig. 435: 
1-2. Baranovskaya and Bulinnikova 1964, p. 294, pl. 64, fig. 
9. Hofker 1966, pl. 13, figs 34-36. Stenestad 1968, pl. 2, fig. 3. 
Bate and Bayliss 1969, pl. 4, fig. 4. Hanzliková 1969, p. 32, pl. 
5, fig. 11. Barr 1970, p. 646, pl. 99, figs 2-3. Hanzliková 1972, 
p. 81, pl. 19, figs 10-11. Vaptzarova 1974, p. 47, pl. 4, figs 
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23-25. Govindan 1977, p. 473, pl. 2, fig. 15, text-fig. 10: n-o. 
Petters 1977, p. 1032, pl. 1, fig. 1. Rozumeiko 1978, p. 138, 
pl. 20, fig. 7. Kaptarenko-Chernousova et al. 1979, p. 145, pl. 
55, fig. 11. Dailey 1983, pl. 2, fig. 8. Liszkowa and Morgiel 
1985, pl. 2, fig. 5. Robaszynski et al. 1985, pl. 5, fig. 4. Butt 
1986, pl. 1, fig. 2. Loeblich and Tappan 1987, pl. 551, figs 
3-7. Aliev et al. 1988, p. 106, pl. 11, fig. 8. Hart et al. 1989, 
p. 324, pl. 7.4, fig. 13. Martínez 1989, pl. 1, fig. 9. Nomura 
1991, pl. 1, fig. 5. Gawor-Biedowa 1992, p. 101, pl. 20, fig. 8. 
Gasiński 1993, pl. 1, fig. 7. Hewaidy and El Ashwah 1993, pl. 
4, fig. 12. Ziko et al. 1993, fig. 4: 13. Boltovskoy et al. 1995, 
p. 133, pl. 1, fig. 4. Nomura and Brohi 1995, pl. 1, fig. 11. 
Revets 1996, pl. 4, figs 1-4. Widmark 1997, p. 34, fig. 13: F. 
Koutsoukos and de Klasz 2000, p. 397, fig. 6: 7. Howe et al. 
2003, pl. 8, figs 31-32. Pérez Estrada et al. 2007, pl. 1, fig. 1. 
Alegret Badiola 2008, fig. 5: a. Anan 2011a, p. 301, pl. 1, fig. 
6. Anan 2011b, p. 136, pl. 1, fig. 5. Jaff et al. 2014, pl. 1, fig. 
10-12, pl. 2, figs 6-7. Michalski et al. 2016, fig. 9: B. Dubicka 
and Peryt 2016, p. 83, fig. 6: 6-10. Dubicka in Walaszczyk et 
al. 2016, text-fig. 5: 8.
Bolivina (Bolivinoides) draco (Marsson). Kalinin 1937, p. 46, 
pl. 5, figs 77-78. 
Bolivinoides draco draco (Marsson). Hiltermann and Koch 
1950, p. 598, figs 1 (72-73), 2-4 (52-54, 58-60) 5 (53, 69-70). 
Noth 1951, p. 63, pl. 9, fig. 10. Papp and Küpper 1953, p. 44, 
pl. 2, fig. 4. Edgell 1954, p. 73, pl. 13, figs 1-3, pl. 14, figs 
1-3. Pożaryska 1954, p. 253, fig. 3. Reiss 1954, p. 155, pl. 29, 
figs 1-3. Bukowy and Georch 1956, pl. 18, fig. 16. Said and 
Kenawy 1956, p. 140, pl. 3, fig. 41. Pokorný 1958/1963, fig. 
329: right figure. Ansary et al. 1962, pl. 4.  Hiltermann and 
Koch 1962, p. 318, pl. 46, fig. 10. Hiltermann 1963, pl. 4, figs 
16-19. Van Hinte 1963, p. 105, pl. 14, fig. 3. Beckmann and 
Koch 1964, p. 45, pl. 6, fig. 24. Pringgoprawiro 1965, p. 34, 
pl. 7, fig. 3. Medizza 1967, p. 23, pl. 2, figs 1-2. Scheibnerová 
1968, p. 50, pl. 2, figs 8-10. Ansary and Tewfik 1969, pl. 2, 
fig. 1. Al-Shaibani 1971, p. 109, pl. 2, fig. 6. Beckmann 1978, 
p. 765, pl. 2, figs 12, 18-19. Neagu 1979, pl. 53, fig. 39. Salaj 
1980, pl. 33, fig. 8. Swiecicki 1980, p. 162, pl. 5, fig. 19. 
Almogi-Labin et al., 1990, pl. 1, fig. 5. Bolli et al. 1994, p. 
129, fig. 35: 1. Ismail and El Saadany 1995, p. 195, fig. 11: 
6. Speijer and van der Zwaan 1995, p. 48, pl. 1, fig. 3. Ayyad 
et al. 1997, fig. 8: j. Frenzel 2000, p. 138, pl. 25, figs 12-14, 
text-fig. 75. Ismail 2002, pl. 1, figs 25-26. Abdelghany 2003, 
fig. 8: 5. El-Nady 2006, p. 678, pl. 1, figs 12-14. Ohmert 2011, 
pl. 3, fig. 24. Holbourn et al. 2013, p. 74, fig. 1. Shabestari et 
al. 2014, pl. 3, fig. 5. Anan 2017, p. 4, pl. 1, fig. 2. 
Bolivinoides doreeni Finlay. Hofker 1956a, p. 70, fig. 48. 
Bolivinoides draco doreeni Finlay. Ansary et al. 1962, pl. 4. 
Ismail and El Saadany 1995, p. 195, fig. 11: 5. El-Nady 2006, 
p. 675, pl. 1, fig. 11. 
Bolivinoides draco doreeni Finlay. Martínez-Pardo 1965, 
text-fig. 3. 
Bolivinoides miliaris (Hiltermann and Koch). Felder and 
Bless 1993, fig. 6: Q-R. Jaff et al. 2014, pl. 1, figs 15-16, pl. 
2, figs 9-10. 
Bolivinoides draco aegyptiacus anan 2017, p. 3, pl. 1, fig. 1. 
Diagnosis. Species of Bolivinoides with peripheral keel and 
two longitudinal ridges in the posterior and central portions 
of the lateral sides. 
Description. Test consists of the proloculus followed by 
chambers added alternately with respect to the test growth 
axis forming a biserial arrangement. Chambers are low and 
elongate, with the elongation axis tilted and forming an acute 
angle with the test growth axis along a posterior to anterior 
direction. Chambers increase in size as added through 
ontogeny at a constant rate, resulting in a test sub-rhombical 
outline with flaring aspect in the direction of growth. The 
last-formed three to four pairs of chambers present well-
developed and narrow backward extensions, which are 
attached to the previous chambers of the row. The backward 
extensions are separated by wide inter-CBE spaces. There are 
different types of CBE, as follows: One apertural CB, which 
is relatively small, one peripheral CBE that is also small 
and frequently fused with the similar such structures of the 
previous chambers in a row, and six to eight median CBE 
that are symmetrically arranged on the two lateral sides of a 
chamber; therefore, there are three to four median CBE on one 
later side of one chamber. There is a well-marked decrease 
in the median CBE size in one chamber on a direction from 
the aperture towards periphery; theM1 CBE is the largest 
backward extension of one chamber. Test is compressed in 
edge view, with a low rate of chamber increase in thickness 
resulting in distinctly diverging lateral sides in the direction of 
test growth. Periphery is angular and keeled; the keel is often 
continuous and in lateral view forms a rim-like structure at 
the periphery. Aperture has elongate outline and is situated on 
the apertural face of the last-formed chamber; the aperture’s 
elongation axis corresponds to that of the chamber elongation. 
Peripheral structure consists of one delicate imperforate rim, 
which is more rarely preserved, and borders the aperture on 
one side; it extends towards the chamber interior as a short 
toothplate. Test wall is calcitic, hyaline and perforate. Primary 
ornamentation is absent in the representatives of this species. 
The secondary ornamentation consists primarily of vestigial 
CBE that are aligned and sometimes fused to form two well-
developed ridges that run parallel to and on each side of the 
growth axis on the test lateral sides. Rare isolated vestigial 
CBE can occur in the posterior third of the test lateral sides 
and especially towards the periphery. Peripheral keel is 
another feature pertaining of the secondary ornamentation. 
Test wall is simple on most of the chambers, but incipiently 
reticulately-ridged wall with wavy surface can occur on 
the apertural face or portions of it of some specimens. 
Pores are circular, with a measured maximum diameter 
of 0.0006-0.0027 mm; pores with an irregular or elongate 
outline are extremely rare. Chamber backward extensions 
are imperforate. 
Remarks. Bolivinoides draco is the only species of the 
genus that evolved a true keel, which in most specimens has 
a continuous appearance; it is also characterized by the two 
well-developed ridges with continuous aspect that are parallel 
to and on each side of the growth axis.  
Stratigraphical range: Maastrichtian.
Geographical distribution. EU (Austria, Belgium, Czech 
Republic, Denmark, France, Germany, Italy, Poland, 
Slovakia, The Netherlands), Africa (Egypt, Libya, Tanzania, 
Tunisia), Asia (Azerbaijan, India, Iran, Kazakhstan, Russia), 
Australia, Caribbean Region (Cuba, Trinidad), Mexico, 
Middle East (Iraq, Israel), South America (Brazil, Colombia), 
UK (England), Ukraine, USA (California, New Jersey), 
East Indian Ocean, North Atlantic Ocean, and South Atlantic 
Ocean.
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Bolivinoides regularis Reiss, 1954
(Figs. 39 and 40)
Synonymy
Bolivinoides delicatula regularis reiss 1954, p. 
157-158, pl. 31, figs 1-4. 
Bolivinoides curta reiss 1954, p. 158, pl. 30, 
figs 15-16. 
Bolivinoides decorata delicatula Cushman. 
Pożaryska 1954, p. 255, fig. 7. 
Bolivinoides regularis Reiss. Bieda 1958, p. 
36, fig. 9. Hanzliková 1972, p. 83, pl. 19, fig. 
15. Neagu 1979, pl. 53, fig. 40. Liszkowa and 
Morgiel 1985, pl. 2, fig. 4. Felder and Bless 
1993, fig. 6: O-P. 
Bolivinoides delicatulus curtus Reiss. 
Hiltermann 1963, pl. 3, figs 4, 8-9. Beckmann 
and Koch 1964, p. 43, pl. 6, figs 1-5, 7-10. Bolli 
Fig. 39. Three specimens of Bolivinoides regularis Reiss, 1954 from 
lower Maastrichtian of the surroundings of Lüneburg (Germany); all the 
specimens are from the McGugan Collection, University of Calgary.
Fig. 40. Detail micrographs of two specimens of Bolivinoides regularis Reiss, 1954 
from lower Maastrichtian of the surroundings of Lüneburg (Germany) showing the 
weakly developed secondary ornamentation on the test lateral sides (1, 2a) and 
primary ornamentation consisting of rare scattered pustules over the chambers of 
the earlier portion of the test (2b); both specimens are from the McGugan Collection, 
University of Calgary.
et al. 1994, p. fig. 34: 36. 
Bolivinoides delicatulus regularis Reiss. Hiltermann 1963, pl. 
3, figs 7, 11-12, 20. McGugan 1974, pl. 1, fig. 1. Koch 1977, 
p. 58, pl. 13, figs 4-5. 
Bolivinoides delicatulus n. subsp. aff. delicatulus. Beckmann 
and Koch 1964, p. 42, pl. 5, figs 8-9, 13-14.
Bolivinoides delicatulus (Cushman). Cati 1964, p. 238, pl. 38, 
fig. 21. 
Bolivinoides sidestrandensis Barr. Petters 1977, p. 1034, pl. 
1, fig. 5. Gawor-Biedowa 1992, p. 107, pl. 20, fig. 1. Frenzel 
2000, p. 144, pl. 25, fig. 1. Dubicka and Peryt 2016, p. 82, fig. 
4: 7-10. Dubicka in Walaszczyk et al. 2016, text-fig. 5: 12.
Bolivinoides curtus Reiss. Anan and Hamdan 1992, p. 205, 
text-fig. 5. El-Nady 2006, p. 674, pl. 1, fig. 4. Anan 2011b, p. 
134, pl. 1, fig. 1. 
Bolivinoides peterssoni Brotzen. Peryt 2000, pl. 1, fig. 3. 
Bolivinoides compressus Reiss. El-Nady 2006, p. 674, pl. 1, 
fig. 3. 
Transitional forms between Bolivinoides decoratus to B. 
sidestrandensis. Dubicka and Peryt 2016, fig. 5-6. 
Diagnosis. Species of Bolivinoides with narrow CBE separated 
by narrow inter-CBE spaces and primary ornamentation 
consisting of scattered pustules developed over the chambers 
of the posterior portion of the test. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chambers are low 
and elongate, with the elongation axis forming an acute 
angle with that of the test growth along a posterior-anterior 
direction. There is a gradual increase in the chamber size 
through ontogeny, which results in a test flaring outline in 
the direction of growth. The last-formed four to seven pairs 
of chambers present well-developed and narrow backward 
extensions, which attach to the previous chamber of the 
row; the backward extensions are separated by inter-CBE 
spaces of around the same width with the adjacent CBE. 
Each chamber has different types of backward extensions, 
as follows: one apertural CBE, which is the largest in 
most of the studied specimens, one peripheral CB that is 
the smallest, and eight to ten median CBE symmetrically 
arranged on the two lateral sides; therefore, there are four 
to five median CBE on one lateral side of one chamber. 
There is a distinct decrease of the median CBE of one 
chamber on a direction from the aperture to periphery. Test 
is compressed in edge view, with nearly parallel sides in 
the adult stage, due to the very low increase in chamber 
thickness through ontogeny. Periphery is subrounded to 
subangular and simple, without peripheral structures. 
Aperture is elongate and situated on the apertural face of 
the last-formed chamber; aperture elongation axis matches 
that of the chamber elongation. Periapertural structure 
consists of one delicate and imperforate rim, which is 
rarely preserved and border the aperture on one side; the 
periapertural rim extends within the chamber interior as a 
short toothplate. Test wall is calcitic, hyaline, simple and 
perforate. Primary ornamentation consists of small-sized 
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scattered dome-like pustules that occur sporadically over the 
earlier portion of the test lateral sides; the measured diameter 
of these structures is of 0.0049-0.0159 mm. The secondary 
ornamentation is poorly developed and consists of vestigial 
CBE over the posterior third of the test lateral sides of some 
specimens. The CBE present a distinct converging pattern 
in the posterior half of the test lateral sides and in some 
specimens form a weak longitudinal ridge-like structure that 
corresponds to the test growth axis. Most of the pores are 
circular, rarely with irregular outline, and with a measured 
diameter or maximum dimension respectively of 0.0003-
0.0007 mm. 
Remarks. Bolivinoides regularis differs from B. delicatula 
mainly by the reduced primary ornamentation: the former has 
smooth chamber surface with scattered dome-like pustules 
occurring over the posterior third of the test lateral sides 
of some specimens, whereas the latter presents a primary 
ornamentation consisting of smaller scattered pustules and 
short longitudinal costae; in addition, in the former species 
the CBE are narrower and separated by wider inter-CBE 
spaces. This species differs from B. sidestrandensis mainly 
by having longer and slender tests, and more prominent CBE. 
Reiss (1954) included the specimens of this species within 
two taxonomic units: Bolivinoides delicatula regularis and B. 
curta; these are considered synonyms representing different 
test varieties of the same species. The former is more elongate 
are most likely includes the gerontic specimens, whereas the 
latter are slightly larger adult specimens.
Stratigraphical range: Maastrichtian-Paleocene.
Geographical distribution. Middle East (Israel), Africa 
(Egypt), Caribbean Region (Gulf of Mexico, Trinidad), EU 
(Belgium, Czech Republic, Germany, Italy, Poland, The 
Netherlands), Mexico, UK (Northern Ireland), and USA 
(Alabama, New Jersey).
Bolivinoides doreeni Finlay, 1940
(Figs. 41 and 42)
Synonymy
Bolivinoides doreeni finLay 1940, p. 452, pl. 63, figs 56-58. 
Bolivinoides decorata (Jones). Sellier de Civrieux 1952, p. 
272, pl. 6, figs 19-20. 
Bolivinoides draco doreeni Finlay. Reiss 1954, p. 155, pl. 
29, figs 4-7. Said and Kenawy 1956, p. 140, pl. 3, fig. 42. 
Scheibnerová 1968, p. 52, pl. 3, figs 1-5. Strong and Edwards 
Fig. 41. Two specimens of Bolivinoides doreeni Finlay, 1940 
from the lower Maastrichtian of the surroundings of Lüneburg 
(Germany); both specimens are from the McGugan Collection, 
University of Calgary.
Fig. 42. Detail micrographs of one specimen of Bolivinoides doreeni Finlay, 1940 from 
the lower Maastrichtian of the surroundings of Lüneburg (Germany) showing pore 
distribution over the test last-formed chamber (1a) and pore shape (1b); specimen from 
the McGugan Collection, University of Calgary.
1979, fig. 6. Khalil 1998, fig. 8: 3. Anan 2017, 
p. 4, pl. 1, fig. 3. 
Bolivinoides draco dracoformis VassiLenKo 
1961, p. 190, pl. 40, fig. 10, pl. 41, fig. 3. 
Transitional specimen Bolivinoides draco 
miliaris-B. draco draco. Hiltermann 1963, pl. 
4, fig. 20. 
Bolivinoides decoratus giganteus Hiltermann 
and Koch. Pringgoprawiro 1965, p. p. 34, pl. 
7, fig. 4. 
Bolivinoides draco draco (Marsson). Koch 
1977, p. 57, pl. 12, figs 2-3. Schönfeld 1990, 
p. 78, pl. 3, figs 1-2. Khalil 1998, fig. 8: 1, 4. 
Bolivinoides draco (Marsson). Villain 1977, 
p. 69, pl. 5, fig. 13. Van Morkhoven et al. 
1986, p. 378, pl. 124, figs 1-2. 
Bolivinoides doreeni Finlay. Anan 2011b, p. 136, pl. 1, fig. 4. 
Bolivinoides giganteus Hiltermann and Koch. Dubicka and 
Peryt 2016, p. 84, fig. 7: 3-4, 6-9.
Diagnosis. Species of Bolivinoides with two parallel and 
discontinuous ridges in the central portion of the lateral sides 
of the test.  
Description. Test consists of the proloculus, which is 
followed by chambers alternately added with respect to the 
test growth axis forming a biserial arrangement. Chambers 
are low and their elongation axis forms an acute angle with 
that of the test growth along a posterior-anterior direction. 
Chambers increase in size through ontogeny resulting in a test 
flaring outline in the direction of growth. The last-formed four 
to five pairs of chambers present well-developed and narrow 
backward extensions that attach to the previous chamber 
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of the row and are separated by wide inter-CBE spaces; 
frequently the inter-CBE spaces are slightly wider than the 
adjacent CBE. There are different types of CBE, as follows: 
one apertural CBE, which is the largest, one peripheral CBE 
that is the smallest, and ten to twelve median CBE that are 
symmetrically distributed on the two lateral sides of one 
chamber; therefore, there are five to six median CBE on one 
lateral side of one chamber. There is a slow decrease in size 
of the median CBE of one chamber along a direction from 
the aperture towards periphery. Sutures are straight or slightly 
curved anteriorly. Test is compressed in edge view, with a slow 
increase of chamber thickness throughout ontogeny. Periphery 
is acute and with one keel resulted from the peripheral CBE of 
the successively added that fuse; the peripheral keel can also 
be observed in lateral view as a rim-like structure that is better 
developed in the posterior side of the test. Aperture is elongate 
and situated on the apertural side of the last-formed chamber; 
the aperture`s axis of elongation matches that of chamber 
elongation. Periapertural structure consists of a delicate and 
imperforate rim, which is rarely preserved and borders the 
aperture on one side; the periapertural rim extends towards 
the chamber interior as a short toothplate. Test wall is calcitic, 
hyaline and perforate. Primary ornamentation is completely 
absent in this species. Secondary ornamentation consists of 
vestigial CBE and occur especially in the posterior third of 
the test`s two lateral sides. Two parallel ridges situated on the 
two sides of the test growth axis occur on the lateral sides; 
the ridges have a discontinuous aspect. The peripheral keel 
is another feature of secondary ornamentation. Test wall 
is simple on most of the test chambers and occasionally 
incipiently reticulately-ridged on the apertural side of the 
last-formed chambers. Most of the pores are circular and 
rarely present an irregular outline; the measured diameter or 
maximum dimension respectively is of 0.0008-0.0033 mm. In 
most specimens the CBE are imperforate. 
Remarks. Bolivinoides doreeni differs from B. draco mainly 
by having less developed secondary ornamentation: the two 
longitudinal ridges situated on each of the two test lateral 
sides have a discontinuous rather than continuous appearance, 
and the peripheral keel is weaker. There are more median 
CBE on one lateral side of one chamber in B. doreeni (five 
to six) when compared to B. draco (four to five). In addition, 
the tests included in the former species are much larger 
when compared to those included in the latter. This species 
differs from B. gigantea mainly by having more prominent 
longitudinal ridges on each of the two test lateral sides and 
peripheral keel. 
Stratigraphical range: Maastrictian.
Geographical distribution. New Zealand, Africa (Egypt), 
Asia (Kazakhstan), EU (Austria, France, Germany, Poland, 
Slovakia), Gulf of Mexico, Middle East (Israel), South 
America (Venezuela), East Indian Ocean, and North Atlantic 
Ocean. 
Bolivinoides vistulae Pożaryska, 1954 – emended 
(Fig. 43)
Synonymy
Bolivinoides vistulae Pożaryska 1954, p. 253, fig. 2. 
Bolivinoides vistulae Pożaryska. Pożaryska 1965, p. 101, 
pl. 14, fig. 1. Dubicka and Peryt 2016, p. 88, fig. 10: 6-10. 
Fig. 43. Two specimens of Bolivinoides vistulae Pożaryska, 1954 from 
the upper Maastrichtian of the North Atlantic Ocean (Orphan Knoll). 
1: specimen from Sample 12-111A-11-2, 115-116 cm. 2: specimen from 
Sample 12-111A-11-4, 116-117 cm.
Michalski et al. 2016, fig. 9: J-L, fig. 10: J, fig. 11: F. Dubicka 
in Walaszczyk et al. 2016, text-fig. 5: 14.
Bolivinoides draco draco (Marsson). Sliter 1968, p. 88, pl. 
12, fig. 17. 
Bolivinoides dentatus Gawor-biedowa 1992, p. 100, pl. 18, 
figs 8-9. 
Bolivinoides paleocenica (Brotzen). Khalil 1998, fig. 8: 7. 
Bolivinoides delicatus Cushman. Hofmann et al. 1999, pl. 1, 
fig. 11. 
Bolivinoides paleocenicus (Brotzen). El-Nady 2006, p. 679, 
pl. 1, fig. 19. 
Bolivinoides decoratus (Jones). Anan 2011b, p. 135, pl. 1, fig. 2. 
Bolivinoides sp. Remin et al. 2012, fig. 3: C.
Diagnosis. Species of Bolivinoides with a wide peripheral rim 
and dentate periphery in the adult portion of the test.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chambers are low and 
elongate, with the elongation axis forming an acute angle with 
that of the test growth along a posterior-anterior direction. 
Chambers increase in size as added throughout ontogeny, 
resulting in a test outline with flaring aspect in the direction 
of growth as see in lateral view. The last-formed five to six 
pairs of chambers present backward extensions that attach to 
the previous chamber of the row; the backward extensions are 
wide and separated by distinct inter-CBE spaces that increase 
in width through ontogeny. Each chamber presents different 
types of backward extensions, as follows: one apertural CBE, 
which often is the largest, one peripheral CBE that in gerontic 
specimens is distinctly detached from the periphery, and six to 
eight median CBE symmetrically distributed on the two lateral 
sides of one chamber; therefore, there are three to four CBE 
on each lateral side of one chamber. There is a decrease in 
the median CBE of one chamber on a direction from aperture 
towards periphery, and the M1 CBE is in some specimens the 
largest of the backward extensions of one chamber. Sutures 
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are straight to gently curved anteriorly, and often obscured by 
the backward extensions of the subsequently added chambers 
of the row. Test is compressed in edge view, with slightly 
divergent sides due to the slow increase in chamber thickness 
through ontogeny. Periphery is subrounded and simple, 
without peripheral structures; in lateral view the periphery 
can have a weakly dentate aspect due to the detached 
peripheral CBE. Aperture has an elongate outline and is 
situated on the apertural side of the last-formed chamber; 
aperture’s elongation axis corresponds to that of the chamber. 
Periapertural structure consists of one imperforate rim, which 
borders the aperture on one side and extends towards the 
chamber interior as a short toothplate. Test wall is calcitic, 
hyaline and perforate. There is no primary ornamentation 
in this species and therefore, the chamber surface has a 
smooth appearance. Secondary ornamentation consist of rare 
vestigial CBE that occur in the posterior portion of the test 
lateral sides; notably, these structures that can have a circular 
or elongate outline, are often difficult to recognize. Pores 
are have a circular outline, more rarely irregular, and with a 
measured diameter or maximum dimension respectively of 
0.0004-0.0009 mm. 
Remarks. In the original description, Pożaryska (1954) 
noted that this species resembles B. peterssoni, of which it 
differs by having more prominent CBE on the test lateral 
side; these morphological differences were practically 
accepted in unchanged form in the subsequent works where 
B. vistulae was described (Pożaryska, 1965; Dubicka and 
Peryt, 2016). The nature of the emendation proposed herein 
is that the two species differ by the detached peripheral 
CBE in B. vistulae, one feature that is not encountered in B. 
peterssoni. In this context we can draw the conclusion that the 
ancestor-descendant relationship between B. peterssoni and 
B. vistulae inferred by Dubicka and Peryt (2016) is unclear 
and, according to their definition of the two species, can be 
confused for ontogenetic differences within the same species; 
such ambiguity is avoided through the emendation of B. 
vistulae as proposed herein.  
Stratigraphical range: Upper Maastrichtian-lower Paleocene. 
Geographical distribution. EU (Austria, Poland), Africa 
(Egypt), USA (California), and North Atlantic Ocean. 
Genus Trachelinella Montanaro Gallitelli, 1956 
Type species: Bolivina watersi Cushman, 1927a.
Synonymy
Trachelinella monTanaro GaLLiTeLLi 1956, p. 38.
Trachelinella Montanaro Gallitelli. Montanaro Gallitelli 
1957, p. 150.
Trachelinella Montanaro Gallitelli. Loeblich and Tappan 
1964, p. 736. 
Trachelinella Montanaro Gallitelli. Loeblich and Tappan 
1987, p. 501. 
Trachelinella Montanaro Gallitelli. Georgescu et al. 2011, 
p. 122. Emended.
Diagnosis. Bolivinoidids with the aperture in terminal position 
and produced on a short neck and test surface ornamented 
with pore mounds that can be scattered or fused.
Description. Test is biserial throughout consisting of the 
proloculus followed by chambers alternately added with respect 
to the test growth axis. Earlier chambers are subglobular and 
the last-formed ones elongate and with backward extensions; 
the plane of chamber addition can present a rotation pattern 
around the test growth axis. There is one peripheral CBE and 
one to two median CBE on each lateral side of one chamber; 
some of the chambers of the test juvenile portion do not have 
backward extensions. Sutures are depressed, curved anteriorly 
and often obscured by the backward extensions and/or 
ornamentation structures of the successively added chamber 
of the row. Test is laterally compressed, with subangular to 
angular periphery and simple, without peripheral structures. 
Aperture is terminal and with elongate outline; it is produced 
on a short neck and surrounded by an imperforate rim. 
Test wall is calcitic, hyaline, simple and perforate. Primary 
ornamentation consists of well-developed pore mounds with 
circular outline that can fuse and form ornamented platforms. 
Pores present a circular or more rarely elliptical shape. 
Remarks. Trachelinella differs from Bolivinoides mainly 
by having the aperture in terminal position instead at the 
base or on the apertural face of the last-formed chamber and 
periapertural structure consisting of a rim that completely 
surrounds the aperture rather than an imperforate rim that 
borders the aperture on one side. In addition, the backward 
extensions of Trachelinella have in general subtriangular 
shape, occasionally present an irregular appearance, whereas 
in Bolivinoides they are in general more numerous and 
posteriorly rounded. 
Species included
Trachelinella watersi (Cushman, 1927a)
Stratigraphical range: Campanian-Maastrichtian.
Trachelinella watersi (Cushman, 1927a)
(Figs. 44 and 45)
Synonymy
Bolivina watersi cushman 1927a, p. 88, pl. 12, fig. 6. 
Bolivina watersi Cushman. Cushman 1946, p. 128, pl. 53, 
fig. 18. 
Bolivinoides watersi (Cushman). Reiss 1954, p. 156, pl. 29, 
fig. 8. 
Trachelinella watersi (Cushman). Montanaro Gallitelli 1956, 
pl. 7, figs 8-10. Montanaro Gallitelli 1957, p. 150, pl. 34, fig. 
13. Perlmutter and Todd 1965, p. 15, pl. 2, fig. 12. Georgescu 
et al. 2011, p. 122, pl. 4, figs 1-10. 
Bolivina praecrenulata Gawor-biedowa 1992, p. 96, pl. 17, 
fig. 6.
Bolivinoides granulatus Hofker. Dubicka and Peryt 2016, 
p. 86, fig. 9: 7. 
Diagnosis. Species with biserial throughout test, aperture 
produced on a short neck and ornamentation consisting of 
pore mounds and pore-mounded structures.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth axis 
resulting in a biserial arrangement. Chambers are elongate, 
with the main axis tilted and forming an acute angle with 
the test growth axis along a posterior to anterior direction. 
Chambers increase in size throughout ontogeny at a constant 
rate and the plane in which they are added can rotate around 
the test growth axis. The last-formed seven to ten pairs of 
chambers present backward extensions. Chambers backward 
extensions are of different types, as follows: one peripheral 
CBE and two to four median CBE symmetrically distributed 
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Fig. 44. Three specimens of Trachelinella watersi (Cushman, 1927a) 
from the upper Maastrichtian of Texas. 1: specimen from Well 
Mullinax-3, Sample 42, 4-3, 7.15 m. 2: specimen from Well Mullinax-3, 
Sample 42, 4-3, 7.15 m previously illustrated by Georgescu et al. 
(2011, pl. 4, figs 8-9). 3: specimen from Well Mullinax-3, Sample 42, 
4-3, 7.15 m.
on the two lateral sides of a chamber; therefore, there are one 
to two median CBE on a lateral side of one chamber. There 
is a distinct trend to increase the number of median CBE 
from one to two in the course of ontogenetic development. 
Test is compressed in edge view, with the chambers 
presenting a relatively low rate of increase in thickness. 
Periphery is subangular to angular and simple, without 
periapertural structures. Aperture has an elongate shape, is 
situated in terminal position and is produced on a short neck. 
Periapertural structure consists of one imperforate rim that 
completely surrounds the aperture; there are no indications on 
the presence of a (short) toothplate in this species. Test wall is 
calcitic, hyaline, simple and perforate. Primary ornamentation 
consists of well-developed circular pore mounds with a 
measured diameter of 0.0029-0.0097 mm; most of the pore 
mounds occur as isolated and scattered structures, but they 
can fuse and form pore mounded ornamentation platforms 
especially towards the posterior portion of the chambers. Most 
of the pores present a circular outline, more rarely elliptical; 
the measured diameter is of 0.0012-0.0020 mm, whereas in 
the case of those pores with elliptical outline the measured 
longer axis is of 0.0027-0.0029 mm. 
Remarks. The evolutionary occurrence of this species is 
not known with precision, which contrasts with the upper 
Campanian-Maastrichtian portion of its stratigraphical range 
that is well documented. Reiss (1954, pl. 29, fig. 8) figured one 
specimen from the lower Campanian of Israel; this specimen 
has a smooth wall appearance, which is completely different 
from that known from the specimens collected from the upper 
Campanian-Maastrichtian and illustrated with the aid of the 
SEM. Notably, in all the reports of T. watersi in which was 
used the same drawing technique as that of Reiss (1954) the 
chamber surface appears smooth (e.g., Cushman, 1927a; 
Cushman, 1946, etc); in contrast, the illustrations with the 
aid of the SEM reveal consistently the primary ornamentation 
consisting of pore mounds (Gawor-Biedowa, 1992; Georgescu 
et al., 2011). The conclusion that can be drawn from these data 
is that the re-examination of the Israeli material illustrated by 
Reiss (1954), this time with the aid of an SEM that was not 
in the current practice in the early 1950s, would only help 
in clarifying the stratigraphical position of the evolutionary 
occurrence of T. watersi. The specimen figured by Dubicka 
and Peryt (2016, fig. 9: 7) and assigned to Bolivinoides 
granulatus by these authors, is most interesting for it has 
mixed features of B. culverensis (gross test architecture) 
and T. watersi (test ornamentation).  It is hard to tell based 
only on this specimen if there is distinct species between B. 
culverensis and T. watersi; more material is necessary in order 
to clarify this aspect of evolutionary micropaleontology. 
Stratigraphical range: Campanian-Maastrichtian.
Geographical distribution. USA (Mississippi, New York, 
Texas), EU (Poland), and Middle East (Israel).  
Genus Swiecickina – n. gen.
Type species: Bolivina paleocenica Brotzen, 1948.
Name origin. Genus named after Dr. Anthony Swiecicki for 
his outstanding contributions to the biostratigraphy of Late 
Cretaceous foraminifera; to his name the suffix –na is added. 
Fig. 45. Detail micrographs of three specimens of  Trachelinella watersi (Cushman, 1927a) from 
the upper Maastrichtian of Texas showing the ornamentation consisting of pore mounds on the 
test lateral sides (1, 3) and over the peripheral region (2). 2: specimen from Well Mullinax-3, 
Sample 42, 4-3, 7.15 m previously illustrated by Georgescu et al. (2011, pl. 4, fig. 10.
Diagnosis. Bolivinoidids with strongly 
compressed tests and ornamentation 
consisting of narrow ridges that can be 
distributed without a preferential pattern, 
anastomosed in the central portion of 
lateral sides, or extended over the chamber 
backward extensions. 
Description. Test is biserial and consists 
of the proloculus followed by chambers 
alternately with respect to the test growth 
axis. Earlier chambers are subglobular 
and the last-formed ones elongate and 
with backward extensions. The chamber 
backward extensions can be weak to well-
developed. There are two, more rarely four 
median CBE, which are symmetrically 
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arranged on the two lateral side of the test; the peripheral 
CBE can be detached from the previous chamber of the row, 
resulting in a dentate aspect of the periphery. Aperture is 
elongate and situated on the apertural side of the last-formed 
chamber. Peripheral structure consists of one imperforate 
rim that borders the aperture on one side and extends in the 
umbilicus as a short toothplate. Test is laterally compressed, 
with parallel lateral sides in edge view; chamber surface is 
flat on the lateral sides of the test. Periphery is subangular 
and simple, without peripheral structures. Test wall is calcitic, 
hyaline, simple and perforate. Primary ornamentation consists 
of scattered pustules that can fuse and form narrow ridges on 
the lateral sides that can present an irregular arrangement, can 
anastomose towards the central part or begin from above and 
follow the direction of the CBE in the adult portion of the test. 
Remarks. Swiecickina accommodates one lineage that shows 
the development of a dentate periphery in the adult portion of 
the test, and narrow ridges on the test lateral sides that in the 
early stage of the lineage are irregularly arranged and then 
line the sutures towards the central part of the lateral sides, 
not reaching the peripheral region. This genus differs from 
Bolivinoides mainly by having a flat chamber surface on the 
lateral side, dentate periphery in the adult portion of the test, 
less developed CBE, and ornamentation consisting of ridges 
that occurs on the test lateral sides. Swiecickina differs from 
Aragonia Finlay, 1939 mainly by occurrence of the CBE, 
which are absent in the latter genus. 
Species included (in stratigraphical order)
Swiecickina clavatus (Plotnikova, 1967)
S. senonicus (Dain, 1961)
S. paleocenica (Brotzen, 1948)
Stratigraphical range: Uppermost Campanian-Paleocene.
Swiecickina clavatus (Plotnikova, 1967)
(Fig. 46)
Synonymy
Bolivinoides clavatus pLoTniKoVa 1967, p. 96, pl. 15, fig. 6. 
Bolivinoides clavatus Plotnikova. Kaptarenko-Chernousova 
et al. 1979, p. 145, pl. 55, fig. 2. Gawor-Biedowa 1992, p. 98, 
pl. 19, figs 10-11. Frenzel 2000, p. 134, pl. 24, figs. 3-6. 
Diagnosis. Species of Swiecickina with the primary 
ornamentation consisting of scattered dome-like pustules 
that can fuse forming short ridges, which do not present a 
preferential ornamentation.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
chamber resulting in a biserial arrangement. Chambers 
increase gradually in size through ontogeny; the rate of 
chamber increase in size can vary but in general the adult 
portion consists of chambers with a low rate of width increase. 
The last-formed one or two pairs of chambers present two 
short median backward extensions with low relief; the two 
CBE are symmetrically distributed on the two sides of the 
chamber and therefore, there is one CBE on one lateral side 
of one chamber. A peripheral CBE, which is detached from 
the periphery, can occur in the last-formed chamber. Sutures 
are depressed, mostly straight in the earlier portion of the 
test and gently curved towards the direction of growth in 
the adult part. Test is compressed in edge view, with nearly 
parallel lateral sides due to the lack of increase of chamber 
Fig. 46. One specimen of Swiecickina clavatus (Plotnikova, 1967) 
from the C.G. Ehrenberg Collection (Museum of Natural History, 
Berlin); specimen collected from the bulk sample 2344a (proximity 
of the Campanian/Maastrichtian), Moen Island (Denmark).
width through ontogeny; chamber surface on the lateral sides 
is flat. Periphery is subrounded and simple, without peripheral 
structures. Aperture has an elongate outline and is bordered 
by an asymmetrical imperforate rim that extends towards the 
chamber interior as a short toothplate. Test wall is calcitic, 
hyaline, dimple and perforate. Primary ornamentation consists 
of scattered dome-like pustules that can fuse and form ridges 
with irregular arrangement over the test lateral sides. Pores 
are mostly circular and simple, with a measured diameter of 
0.0003-0.0006 mm. 
Remarks. Swiecickina clavatus differs from any bolivinoidid 
species by the primary ornamentation consisting of scattered 
dome-like pustules that can fuse and form ridges, which 
present an irregular arrangement over the test lateral side. 
Stratigraphical range: Upper upper Campanian-lower 
Maastrichtian.
Geographical distribution. Ukraine and EU (Germany, 
Poland).  
Swiecickina senonicus (Dain, 1961)
(Figs. 47 and 48)
Synonymy
Bolivinoides senonicus dain 1961, p. 30, pl. 2, figs 8-9, text-
fig. 2: 7. 
Bolivinoides senonicus Dain. Baranovskaya and Bulinnikova 
1964, p. 295, pl. 64, figs 10-12. Gorbenko 1974, p. 53, pl. 9, 
fig. 3. Kaptarenko-Chernousova et al. 1979, p. 147, pl. 55, 
fig. 9. 
Aragonia sp. 1. Van Morkhoven et al. 1986, p. 374, pl. 122, 
figs 1-3.
Diagnosis. Species of Swiecickina with dentate periphery in 
the adult portion of the test and anastomosing ridges in the 
central portions of the test lateral sides. 
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth axis 
resulting in a biserial arrangement. Chambers are elongate and 
relatively low, with the elongation axis forming an acute angle 
with the test growth axis along a posterior to anterior direction. 
Chambers increase in size through ontogeny at various rates; 
there is a slow rate of size increase in the early portion of 
the test, and a rapid one in the adult portion resulting in a 
flaring test in the direction of growth. The last-formed one or 
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Fig. 47. Three specimens of Swiecickina senonicus (Dain, 1961) from the lower Maastrichtian 
sediments of Yucatan outer shelf (DSDP Site 95). All the specimens are from Sample 10-95-
13-1, 101.5-103 cm.
Fig. 48. Detail micrographs of three specimens of Swiecickina senonicus (Dain, 1961) 
from the lower Maastrichtian sediments of Yucatan outer shelf (DSDP Site 95) showing the 
anastomosing ridges in the central part of the test lateral side over the central zigzag suture. 
All the specimens are from Sample 10-95-13-1, 101.5-103 cm.
two pairs of chambers present short and low-relief backward 
extensions. There are different types of backward extensions, 
as follows: one peripheral CBE that is frequently detached in 
the adult portion of the test conferring the periphery a well-
marked dentate aspect, and two to more rarely four median 
CBE, which are symmetrically arranged on the two lateral 
sides of one chamber; therefore, there are one to more rarely 
two CBE on one lateral side of one chamber. Sutures are 
straight, rarely gently curved in the direction of growth. Test is 
compressed in edge view, with the two sides parallel due to the 
lack of chamber increase in width through ontogeny, especially 
in the adult portion of the test. Periphery is subrounded and 
simple, without peripheral structures. Aperture is situated 
on the apertural face of the last-formed chamber and has 
an elongate outline, with the elongation axis matching that 
of the respective chamber elongation. Peripheral structures 
consist of one asymmetrical imperforate rim, which extends 
towards the chamber interior as a short toothplate. Test wall 
is calcitic, hyaline, simple and perforate. 
Primary ornamentation consists of ridges 
that anastomose in the central portions 
of the two lateral sides, extending from 
and following the direction of the CBE; 
there are rare specimens where the 
ridges occur on more than two pairs of 
chambers. Pores are mostly circular and 
simple, with a measured diameter of 
0.0004-0.0007 mm.
Remarks. Swiecickina senonicus differs 
from S. clavatus by having distinct 
dentate periphery in the adult portion of 
the test, more pronounced CBE and more 
prominent primary ornamentation, which 
consists of anastomosing ridges that can 
begin from the CBE and extend to the 
central portion of the lateral sides instead 
of ridges with irregular arrangement. This 
is the earliest species of the Swiecickina 
lineage in which the development of the 
mixed features between Bolivinoides and 
Aragonia is apparent.
Stratigraphical range: Lower to lower 
upper Maastrichtian.
Geographical distribution. Asia 
(Russia), Caribbean Region (Gulf of 
Mexico, Yucatan outer shelf), and 
Ukraine. 
Swiecickina paleocenica (Brotzen, 1948)
(Fig. 49)
Synonymy
Bolivina paleocenica broTzen 1948, p. 
66, pl. 9, fig. 5. 
Bolivinoides paleocenica (Brotzen). 
Hiltermann 1952, p. 61, text-figs 4-5. 
Hofker 1952, fig. 4. Wicher 1953, fig. 1: 
5. Reiss 1954, p. 157, pl. 30, figs 9-11. 
Hofker 1956a, p. 70, fig. 76. Hofker 
1956b, fig. 23. Hofker 1957, p. 253, fig. 
305 (c, e). Bieda 1958, p. 42, fig. 13. 
Hofker 1960b, fig. 10. Hiltermann and Koch 1962, p. 317, pl. 
50, fig. 15. Hofker 1962, text-fig. 15: B-C. Hofker 1966, pl. 
10, fig. 75. Neagu 1979, pl. 53, fig. 41. 
Bolivinoides paleocenicus (Brotzen). Hiltermann 1963, pl. 3, 
fig. 3. Medizza 1967, p. 26, fig. 2: 2-3. Barr 1970, p. 650, pl. 
99, fig. 7. Szczechura and Pożaryska 1974, p. 49, pl. 4, fig. 
9.  Govindan 1977, p. 470, pl. 1, figs 9-10, text-fig. 10: i-k. 
Koch 1977, p. 60, pl. 13, figs 1-3. Swiecicki 1980, p. 181, pl. 
6, figs 12-13.  Yasuda 1986, p. 81, pl. 11, fig. 1. Hart et al. 
1989, p. 324, pl. 7.5, fig. 4. Schönfeld 1990, p. 83, pl. 3, figs 
7-8. Gawor-Biedowa 1992, p. 104, pl. 20, fig. 3. Hewaidy and 
El Ashwah 1993, pl. 4, fig. 16. Widmark 1997, p. 34, fig. 13: 
H. Frenzel 2000, p. 141, pl. 24, figs 7-9, text-fig. 76. Dubicka 
and Peryt 2016, p. 89, fig. 10: 11.  
Bolivinoides cf. paleocenicus (Brotzen). De Klasz and de 
Klasz 1993, p. 314, pl. 1, fig. 11. 
Bolivinoides delicatulus Cushman. Alegret and Thomas 2007, 
pl. 1, fig. 3.  
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Fig. 49. Specimen of Swiecickina paleocenica (Brotzen, 1948) from 
the upper Maastrichtian sediments of the North Atlantic Ocean 
(Orphan Knoll), Sample 12-111A-11-6, 56-57 cm.
Diagnosis. Species of Swiecickina with dentate periphery 
in the adult portion of the test and well-developed ridges 
over CBE.
Description. Test consists of the proloculus followed by 
chambers alternately added with respect to the test growth 
axis resulting in a biserial arrangement. Chambers are low and 
elongate, with the elongation axis forming an acute angle with 
that of the test growth along a posterior-anterior direction. 
Chambers increase in size as added throughout the ontogeny 
resulting in a flaring test outline in the direction of growth. 
The last four to more rarely five pairs of chambers present 
short backward extensions, which are of different types, as 
follows: one median CBE, rarely two, and one peripheral 
CBE; the peripheral CBE is detached from the periphery in 
the adult portion of the test resulting in a dentate periphery. 
Sutures are depressed and straight or gently curved in the 
direction of growth. Test is compressed in edge view, with the 
two lateral sides nearly parallel due to the absence or slow rate 
of chamber increase in thickness. Periphery is subrounded 
and simple, without peripheral structures. Aperture is 
elongate and situated on the apertural face of the last-formed 
chamber. Periapertural structure consists of an asymmetrical 
imperforate rim, which is rarely preserved, that extends 
towards the chamber interior as a short toothplate. Test is 
calcitic, hyaline, simple and perforate. Primary ornamentation 
is more prominent in the central portion of the lateral sides 
and over the last-formed chambers of the test; it consists 
of short ridges in the continuation of the CBE that have the 
distinct tendency to anastomose on the lateral sides along the 
test growth axis. Pores are simple, with a circular and more 
rarely irregular outline, and a measured diameter or maximum 
dimension respectively of 0.0003-0.0008 mm.
Remarks. Swiecickina paleocenica differs from S. senonicus 
mainly by having more prominent primary ornamentation and 
better defined ridges over the CBE; it differs from S. clavatus 
mainly by having more prominent ornamentation in which 
some ridges present a preferential ornamentation that follows 
the elongation direction of the CBE, and a more prominent 
dentate periphery in the adult portion of the test. 
Stratigraphical range: Maastrichtian-Paleocene.
Geographical distribution. EU (Belgium, Germany, Italy, 
Poland, Sweden, The Netherlands), Africa (Egypt, Libya), 
Asia (India, Japan), Mexico, Middle East (Israel), UK 
(England), North Atlantic Ocean, and South Atlantic Ocean.
STRATIGRAPHICAL DISTRIBUTION AND 
BIOSTRATIGRAPHY
The development of the new classification framework 
for the Santonian-Maastrichtian representatives of the family 
Bolivinoididae led to a critical review of the stratigraphical 
ranges of all the valid species (Fig. 50). This new classification 
presents a major advantage when compared to the previously 
developed ones: it includes data on test wall ultrastructure 
and high-detail test morphological features, which were only 
occasionally used in the past. Taking in consideration this 
advance in understanding the taxonomy and classification 
of the bolivinoidid group, and despite some incertitude that 
still persists it appears possible to make another step forward, 
namely towards refining the biostratigraphical framework 
based on the representatives of this group.
A historical perspective on methodology
The classical perspective on the use in biostratigraphy 
of the species of Bolivinoides was developed in the fifties 
and persisted over the next decades. According to it the 
stratigraphical ranges of the Bolivinoides species were plotted 
on the succession of stages and used in the definition of 
assemblage zones (Hiltermann, 1952, 1956; Hiltermann and 
Koch, 1955, 1956, 1960, 1962; Beckmann and Koch, 1964; 
Koch, 1977; Schönfeld, 1990, etc.). The potential and actual 
importance of some species of this genus in biostratigraphy 
was stressed occasionally, but no definition of biozones was 
provided within this stream of studies.
One significant step forward happened when Van Hinte 
(1967) provided a biostratigraphical framework based on 
five species of Bolivinoides for the Santonian-Maastrichtian 
stratigraphical interval. In stratigraphical order the five 
species are B. strigillatus, B. hiltermanni, B. decoratus, B. 
miliaris and B. draco. This author noted the incipient stage of 
development of a Bolivinoides-based biostratigraphy and 
showed that new data are necessary in order to validate 
and further improve the resolution of this biostratigraphical 
scheme. In a subsequent contribution, Van Hinte (1976, 
p. 277) considered all the five biozones as taxon range 
biozones. The pioneering work of Van Hinte (1967) was 
followed shortly by other authors. For example Ansary and 
Tewfik (1969) recognized the two Maastrichtian Bolivinoides 
biozones in Egypt, and the whole succession of five biozones 
by Barr (1970) in Libya and Petters (1976, 1977) in the New 
Jersey coastal plain subsurface. Biostratigraphical resolution 
increased gradually in these studies and as a result, other 
studies that focused on the Late Cretaceous biostratigraphy 
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Fig. 50. Stratigraphical ranges of the species of Bolivinoididae; B-Bolivinoides, T-Trachelinella, S-Swiecickina. Planktic foraminiferal 
zonation; grey background-heterohelicids, white background-coiled taxa; B-Bucherina, Ga-Globotruncana, Gu-Gublerina, Hx-Heterohelix, 
Pr-Praeglobotruncana, Rd-Radotruncana, S-Sigalia, V-Ventilabrella. Echinoderm/coleoid zonation; dark grey background-coileoid taxa, 
light grey background-echinoids, white background-crinoid taxa. B-Belemnitella, Bl-Belemnella, G-Gonioteuthis, O-Offaster, M-Micraster, 
Mp-Marsupites, U-Uintacrinus.
44 Georgescu
Studia UBB Geologia, 2018, 62 (1), 5 – 57
started taking in consideration the Bolivinoides-based 
framework (e.g., Robaszynski et al., 1984). 
Biostratigraphical studies based on the species of 
Bolivinoides diversified in the last decades. On one hand, 
there is a certain preoccupation in recognizing with precision 
the evolution and extinction of these taxa, especially in 
regions with a long tradition in these studies (e.g., Hart et 
al., 1989; Hampton et al., 2007; Bailey et al., 2009). Another 
trend is to refine the existing framework of Van Hinte 
(1967) by defining new biozones, based especially on local 
occurrences; this category is herein exemplified by the study 
of Jaff et al. (2014). Biozones based on local and regional 
occurrences have a low biostratigraphical resolution, which is 
excellently illustrated in this study by the succession of upper 
Campanian biozones (Bolivinoides decoratus subzone at the 
base and B. laevigatus subzone above it) (Jaff et al., 2014, p. 
165, 168-169), which is an anti-evolutionary succession (B. 
laevigata is the ancestor of B. decorata and not vice versa). 
A collapse in biostratigraphical resolution in the use of the 
representatives of the genus Bolivinoides in Late Cretaceous 
biostratigraphy is recorded in the study of Dubicka in 
Walaszczyk et al. (2016); besides the low taxonomic 
resolution given by the misidentification of one index 
species (B. culverensis) and use of a vaguely defined species 
without revision (B. vistulae), most of the Bolivinoides-based 
biozones are of partial taxon range type, with the species 
of this genus providing no bioevent corresponding to either 
lower or upper boundary (B. decoratus, B. miliaris, and 
B. intermedius). 
This brief review allows us to observe that the 
evolutionary studies are paramount in conferring stability to a 
biostratigraphical framework, and explains why the successful 
and widely accepted biozonation of Van Hinte (1967) 
could have been produced only after the high-resolution 
evolutionary scheme of Barr (1966a) was published. It needs 
to be mentioned at this time that the classification in the 
present work and the stratigraphical ranges of the bolivinoidid 
species are given after the realization of such an evolutionary 
framework for the entire group (Fig. 51); it will be presented 
shortly as a distinct article, being given the length and 
complexity of this topic’s presentation.
Methodology 
A new biostratigraphical framework is developed herein 
and it is based on a new methodology, which appears necessary 
given the impediments encountered up to date in using 
bolivinoidid taxa in biostratigraphy. Experience and records 
in a large number of sections and regions show that in general 
that a small number of bolivinoidid species are recorded at one 
location. Moreover, these species are recorded in abundant 
assemblages in onshore sections rather than offshore drillings, 
where the samples are considerably smaller and therefore, 
sample bias is significant. In addition, the onshore sections 
encompass frequently shorter stratigraphical intervals and 
often appear difficult if not impossible to reconstruct with 
accuracy the stratigraphical ranges of certain species base 
on occurrences from one single region. Acknowledging 
these constraints given by the specifics of bolivinoidid fossil 
record is not enough, for there is another impediment given 
by the nature of studies realized in the past. According to the 
existing data there are regions in which many bolivinoidid 
taxa occur and can be used in evolutionary reconstructions 
and for biostratigraphical purposes; classical examples can 
be considered England (Barr, 1966a), Libya (Barr, 1970) and 
New Jersey (Petters, 1967). But the experience shows the 
first and up till now only successful framework, which is that 
produced by Van Hinte (1967), was realized only by expanding 
the zone of provenance of the studied material. This pattern is 
used in the development of the new methodology, which is 
proposed herein.
At first it was realized a large-scale documentation of the 
occurrences of bolivinoidid taxa worldwide. The number of 
works (articles and books) in which bolivinoidid species were 
reported and are herein included in the synonymy lists and 
references, is more than 4.5 times higher than that the most 
documented article existing in the literature up to date. The 
wealth of data provided by these works were fully considered 
and integrated with the new data on the test morphology 
including ultrastructures produced in the course of the 
present study; all these data were further used to define the 
stratigraphical range of each of the species considered valid. 
By this it was sought to define the stratigraphical ranges of 
the bolivinoidid species at the scale of their entire areal of 
distribution. The new biostratigraphical framework is based 
on these ranges.
Biostratigraphical framework
A biostratigraphical framework consisting of eleven 
biozones is developed for the upper middle Santonian-
Maastrichtian stratigraphical interval (Fig. 52). All the 
biozones are of interval biozone type and the bioevents 
that mark their boundaries are first occurrences (FO) of 
bolivinoidid taxa; the only exception to this rule is the 
upper boundary of the Maastrichtian, which is given by the 
extinction of the planktic foraminiferal species Ventilabrella 
hariaensis (Nederbragt, 1991). The eleven biozones are 
defined in stratigraphical order. 
Bolivinoides antiquum Biozone
• Age. Late middle Santonian-earliest late Santonian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides strigillata.
Bolivinoides strigillata Biozone
• Age. Late Santonian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides culverensis. 
Bolivinoides culverensis Biozone
• Age. Latest Santonian-early early Campanian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides pustulata.
Bolivinoides pustulata Biozone
• Age. Late early Campanian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides decorata.
Bolivinoides decorata Biozone
• Age. Latest early Campanian-middle Campanian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides delicatula.
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Fig. 51. Evolutionary relationships amongst the Upper Cretaceous bolivinoidid species. Keys for abbreviations and backgrounds as in the 
previous figure.
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Fig. 52. Biostratigraphical framework based on the representatives of the family Bolivinoididae and illustrated index species. Grey-not zoned.
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Bolivinoides delicatula Biozone
• Age. Latest middle Campanian-late Campanian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides miliaris.
Bolivinoides miliaris Biozone
• Age. Late Campanian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides australis.
Bolivinoides australis Biozone
• Age. Latest Campanian-earliest Maastrichtian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides draco.
Bolivinoides draco Biozone
• Age. Early Maastrichtian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Swiecickina paleocenica.
Swiecickina paleocenica Biozone
• Age. Late early Maastrichtian-early late Maastrichtian.
• Definition. Stratigraphical interval between the FO of 
the index species and the FO of Bolivinoides vistulae.
Bolivinoides vistulae Biozone
• Age. Late Maastrichtian.
• Definition. Stratigraphical interval between the FO of 
the index species to the Cretaceous/Paleogene boundary, 
which is marked by the extinction of Ventilabrella 
hariaensis (Nederbragt, 1991).
• Remarks. The homonym biozone defined by Dubicka 
in Walaszczyk et al. (2016, p. 328) is based on an 
imprecise description of the index species that impedes 
in the identification of the biozone lower boundary. The 
taxonomic status of the species B. vistulae is stabilized 
through the emendation proposed in this work, but the 
validity of the biozone described before a precise and 
usable definition of the index species Dubicka and Peryt 
(2016) cannot be accepted.
CONCLUSIONS
A revision of the benthic foraminiferal family 
Bolivinoididae is proposed to accommodate the new data 
on test ultrastructure, ornamentation and porosity and re-
evaluated features pertaining of the gross test architecture. This 
family is revised to include calcareous benthic foraminifera 
with the chambers of the last pairs with backward extensions 
and different morphologies of the aperture and periapertural 
structures. Three genera are included within family 
Bolivinoididae: Bolivinoides Cushman, 1927, Trachelinella 
Montanaro Gallitelli, 1956 and Swiecickina - new genus. A 
total of 24 species are included within these three genera.
Bolivinoides evolved in the middle Santonian and became 
extinct probably in the upper part of the Paleocene; occurrences 
of certain species of this genus within rocks of early Eocene 
age appear questionable and require further documentation. 
Bolivinoides antiquum – n. sp. is the oldest species of this genus 
and has the recorded evolutionary occurrence in the middle 
Santonian. The re-evaluation of the morphological features 
pertaining of both test gross architecture and ultrastructural 
features leads to a highly accurate definition of the species. A 
terminology for the chamber backward extensions is proposed 
for the first time: apertural CBE, median CBE and peripheral 
CBE. Ornamentation structures are separated into primary and 
secondary ornamentation. Primary ornamentation consists 
of structures developed directly from the test wall. It can be 
absent resulting in a smooth chamber surface or consist of 
pustules, circular or elongate pore mounds and fine costae; 
notably, costate ornamentation is for the first time reported 
in the representatives of the genus Bolivinoides (e.g., B. 
delicatula). Secondary ornamentation consists of structures 
resulted from modifications of the chamber backward 
extensions and include peripheral keel (e.g., B. draco), ridges 
parallel to the growth axis (e.g., B. draco, B. doreeni) and 
peripheral rim (B. peterssoni). Dentate periphery is reported 
for the first time, in incipient stage at B. peterssoni and well-
developed in the case of B. vistulae, which is a paramount 
feature in the revision of the latter. 
Trachelinella of the Campanian-Maastrichtian 
stratigraphical interval is transferred to Bolivinoididae 
from the family Loxostomidae Loeblich and Tappan, 1962 
based on the occurrence of chamber backward extensions. 
The ornamentation consisting of pore mounds that can fuse 
and form wide ornamentation structures is paramount in 
the definition of this genus as revised by Georgescu et al. 
(2011). The terminal aperture produced at the end of a short 
neck is another feature that differentiates Trachelinella from 
Bolivinoides where the aperture occurs on or at the base of the 
apertural face. Trachelinella is a monospecific genus consists 
of T. watersi. 
Swiecickina is a new genus that includes three taxa that 
were originally described and subsequently assigned to 
Bolivinoides. The tests of the three species included within 
Swiecickina have a dentate periphery and are laterally 
compressed resulting in parallel or nearly parallel lateral sides 
an edge view and ornamentation consisting of ridges; the 
ridges can be irregularly distributed over the laterals sides, 
anastomosed in the central portion of the test lateral sides, 
and developed over the chamber backward extensions and 
conferring them a keeled appearance. Swiecickina is recorded 
from the uppermost Campanian-Paleocene stratigraphical 
interval. 
A biostratigraphical framework based on species of 
the family Bolivinoididae is proposed for the middle 
Santonian-Maastrichtian stratigraphical interval. It consists 
of eleven biozones, ten having index species from the genus 
Bolivinoides and one from Swiecickina. The resolution of this 
new framework shows a considerable increase in resolution 
when compared to that previously developed by Van Hinte 
(1967) and Barr (1970) that consists of five biozones for 
the same stratigraphical interval. This marks a decrease in 
the average time interval spanned by one biozone from ~3.9 
million years to slightly over 1.7 million years.  
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